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OXYGEN UTILIZATION OF THE OiiGANISM AND ITS hEGL‘LATIOii 

A c o l l e c t i o n  o f  e x c e r p t s  from p a p e r s  on t h e  oxygen metabol i sm i n  mammals, u n d e r  

c o n d i t i o n s  o f  hypoxia ,  i n c l u d e s  t o p i c s  on: e f f e c t  o f  i n d u c e d  hypoxia  i n  t r a i n e d  

and u n t r a i n e d  human s u b j e c t s ;  oxygen u t i l i z a t i o n  c o n t r o l  by r e g u l a t o r y  mechanisms;  

p s y c h o l o g i c a l  and b iochemica l  a s p e c t s  o f  a1 t i t u d e  hypoxia ;  b i o l o g i c a l  o x i d a t i o n .  

% m e  c o n c l u s i o n s  b a s e d  on r e s u l t s  o f  animal and human e x p e r i m e n t s ,  r e a d i n g s  of 

c a r d i o g r a m s ,  e l e c t r o e n c e p h a l o g r a m s ,  pneumotachometry,  e t c .  compr ise :  S y s t e m a t i c  

t r a i n i n g ,  up t o  hypoxia ,  d u r i n g  p o s t n a t a l  o n t o g e n e s i s  d e c r e a s e d  t h e  oxygen 

( e n e r g y )  consumpt ion  a n d  r e s p i r a t o r y  r a t e .  Animals  k e p t  a t  p a r t i a l  vacuum 

( 1 A O  mm llg) w i t h  body t e m p e r a t u r e  a r t i f i c i a l l y  m a i n t a i n e d  a t  normal l e v e l  showed 

a h i g h  m o r t a l i t y  r a t e ,  p r o v i n g  t h e  p r o t e c t i v e  e f f e c t  o f  t h e  n a t u r a l  hypothermia  

i n d u c e d  by hypoxia .  Encephalograms i n d i c a t e d  t h a t  t h e  c e r e b r a l  c o r t e x  is  most  

a f f e c t e d  by hyp.oxia. The u p p e r  l i m i t  o f  p a r t i a l  oxygen p r e s s u r e  f o r  p r o l o n g e d  

i n h a l a t i o n  i s  p l a c e d  a t  3 atm. abs .  S u g g e s t e d  m e a s u r e s  f o r  improvement i n  body 

f u n c t i o n  i n c l u d e  i n c r e a s e  i n  i o n i z e d  oxygen c o n t e n t  of i n s p i r e d  a i r  i n  e n c l o s e d  

space; activep h y s i c a l  t r a i n i n g  u n d e r  h igh-mounta in  c o n d i t i o n s ;  “ r a t i o n a l  b r e a t h i n g ”  

exercisesin t h e  chamber;  a d d i t i o n  o f  m, t o  t h e  r e s p i r a t o r y  a i r  during 

h y p e r v e n t i ] a t i o n  t o  i n c r e a s e  t h e  oxygen u p t a k e  o f  t h e  b r a i n ;  etc. 

K.A .Agadzhanyan 
&ioscow 

This paper i s  t o  preser:t t h e  physiological foundation for t he  F r inc ip i e s  of 
t he  creat ion of  an atmasphere ir .  closed chambers ar,d w i l l  g ive  data or. the c r i t i 
c a l  cxyper, concer.t rat ion. 

The FaFer preser . ts  t h e  r e s u l t s  or eq:erimer,tal s t a d i e s  ir. a r & r e f ‘ i d  at
mosphere from lcng-term experimeEts (up t o  100 days),  i n  ar, atmosy,here 0:” pure 
oxygen a t  simulated a l t i t u d e s  up t o  10,000 m (198 mi Hg), and data cn t h e  to l e r 
ance of a n i m a l s  t o  explosive decomFression a f t e r  p ro t r ac t ed  s t a y  i n  ar. atnosphere 
of  pure oxyger,. 

The experimental s tud ie s ,  intended t o  f i n d  e l f e c t i v e  means of  increasir;g 

0 Numbers i r ,  t h e  margin i n d i c a t e  pagirat ion i n  t h e  o r i g i n a l  Zoreign text. 



the resistance of the organism to hypoxia, permitted a relative appraisal of 

various methods: altitude-chamber training, administration of drugs and biologi

cal stimulants, and acclimatization in high mountains. 
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SIGNIFICANCE OF THE TWO PATHWAYS OF INTRACELLULAR OXIDATION 
I N  THE ADAPTATION OF THE ORGANISM TO MUSCULAR WORK 

I N  THE STATE OF HYPOXIA 

T .A. A l l i k  
(Central  Research I n s t i t u t e  f o r  Physical Culture,  Moscow) 

The problem of masdmizing operat ional  e f f i c i ency  of personnel under def i 
ciency of oxygen i n  t h e  in sp i r ed  a i r  has r ecen t ly  assumed c r i t i c a l  importance. 
Studies  by various authors  have shown marked ind iv idua l  differences between sub
j e c t s  similarly t r a i n e d  a t  low elevat ions,  during adaptat ion t o  work under high-
mountain conditi0r.s. It i s  t h e r e f o r e  necessary not on ly  t o  develop r a t i o n a l  
systems of t r a i n i n g  f o r  t h e s e  conditions,  but a l s o  t o  de f ine  c r i t e r i a  f o r  t h e  
se l ec t ion  of i nd iv idua l s  who show optimum a d a p t a b i l i t y  t o  work i n  atmospheres 
with oxygen deficiency. 

The physiological  mechanism of adaptat ion i s  highly complex. It  i s  known 
t h a t  processes promoting t h e  formation and u t i l i z a t i o n  of muscular energy a r e  
e spec ia l ly  prominent i n  t h e  organism of  a t r a ined  a t h l e t e  under grea t  physical  
s t r e s s .  Consequently, i n  t r a i n i n g  a t h l e t e s  f o r  work under new environmental 
conditions,  the  reorganization of t hese  processes becomes of g rea t  importance. 

Mary ana lys t s  s t i l l  bel ieve t h a t  glycolysis  plays a l ead ing  r o l e  i n  t h e  
production of energy f o r  high-stress muscular work, l ead ing  t o  an oxygen d e f i c i t  
and t h e  accumulation of  l a c t i c  acid.  These concepts a r e  contradicted by da ta  /5 
now ava i l ab le  on t h e  r e l a t i o n s  between t h e  react ions of glycolysis  and oxidation 
and on t h e  er .erget ics  of t hese  processes. Oxidation i s  much m o r e  powerful than 

glycolysis.  It i s  a l s o  a more f l e x i b l e  and more v a r i a b l e  source of energy. 
Calculations of t h e  energy l i b e r a t e d  i r ,  t h e  glycolysis  react ions,  leading t o  t h e  
formation of t he  observed q u a n t i t i e s  of l a c t i c  a c i d  i n  t h e  human organism, show 
t h a t  t h i s  i s  only a small f r a c t i o n  of t h e  t o t a l  energy consumed by t h e  a t h l e t e  
i n  performing h i s  t a s k .  On t h e  o t h e r  hand, t h e  energy of t h e  oxidat ive reac
t i o n s  i n  which t h e  oxygen taken up by t h e  organism p a r t i c i p a t e s ,  i s  very c lose  
t o  t h e  t o t a l  q u a n t i t y  o f  energy expended on t h e  work. 

The energy produced by b io log ica l  oxidation i s  of  two main types: biologi
c a l  energy, s tored i n  chemical phosphorus bonds, and thermal energy. The quan
t i t y  of  t hese  two types of energy developed i n  t h e  organism v a r i e s  with t h e  
funct ional  s ta te  o f  t h e  organism. The rates of formation of thermal and bio
l o g i c a l  energy and t h e i r  r a t i o  a r e  sub jec t  t o  c e r t a i n  limits. These limits can 
be widened by t r a in ing .  Since t h e  ox ida t ive  processes y i e l d  by far  t h e  g r e a t e s t  
p a r t  of t h e  body’s energy, tine p o s s i b i l i t y  of t r a i n i n g  t h e  systems t h a t  develop 
thermal and b i o l o g i c a l  energy i s  of immense i n t e r e s t  f o r  t h e  problem o f  adapta
t i o n  of  a t h l e t e s  t o  high-mow-tain conditions.  

Research i n  t h e  d i r e c t i o n  of  widening t h e  anaerobic product ivi ty ,  i .e. ,  
g lyco lys i s ,  seems l e s s  promising s ince  t h i s  method of energy production i s  quan
t i t a t i v e l y  neg l ig ib l e  and i s  func t iona l ly  subordinate t o  oxidation. /6 
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Biological  oxidation takes  place i n  t h e  mitochondria, where i t  i s  accom-
Flished i n  two ways, by f ree  ox ida t io r  and by phosphorylation. Thermal energy 
i s  l i b e r a t e d  a t  successive s t ages  i n  t h e  chain react ion o f  f ree  oxidatior.. I n  
the  phosFhorylation process ,  oxidation l e a d s  t o  t h e  production of biological  
eKergy - phosphorylation. Depending on t h e  degree of co r re l a t ion ,  t h e  quart i 
t a t ive  r e l a t i o n s  betweer! b io log ica l  and thermal energy w i l l  vary. However, t h e  
t o t a l  amount of energy l i b e r a t e d  on oxidat ion o f  two hydrogen atoms t o  one nole
cu le  of water i s  constant. 

Thus, t h e  same q u a n t i t y  of oxygen taken up by t h e  organism can provide f o r  
t h e  production of var ious amounts of b io log ica l  energy and, consequently, f o r  
t h e  performance of varying amounts of work. Apparently, physical  t r a i n i n g  
gradual ly  increases  t h e  co r re l a t ion  of oxidat ion and phosphorylation arid a l s o  
t h e  y i e l d  of b io log ica l  energy p e r  u n i t  oxygen assimilated by t h e  body. S h i f t s  
t a k e  place,  which are termed econorLzation of oxygen u t i l i z a t i o n  o r  economiza
t i o n  of  energet ic  processes. 

lnie propose t h e  following scheme of  p a r t i c i p a t i o n  o f  ox ida t ive  processes i n  
a t h l e t i c  t r a in ing :  When t h e  body has become accustorxed t o  systematic interise 
muscular work, a l l  of i t s  systems t h a t  provide f o r  t h i s  work have been t r a i r e d .  
Depending on t h e  ind iv idua l  p e c u l i a r i t i e s  of t h e  organism and t h e  character  of  
t h e  t r a i n i n g ,  d i f f e r e n t  systems w i l l  predominantly develop. The flow of bio
l o g i c a l  energy can be i n t e n s i f i e d  by inc reas ing  t h e  supply o f  oxygen t o  t h e  
muscles o r  by increasing t h e  co r re l a t ion  o f  b io log ica l  and chemical energy, 
i n  t h e  t o t a l  energy balance, i.e., t h e  share  o f  b i o l o g i c a l  energy. 

While i t  makes no difference,  under lowland co rd i t i ons ,  by which o f  t hese  
paths  t h e  top  a t h l e t i c  form i s  reached, athletes having a high cor re la t ior l  of 
oxidat ion t o  Fhosphorylation w i l l  be advantageously s i t u a t e d  under high-mountain 
conditions. This i s  t h e  process t h a t  permits i n t e n s e  work under conditions of 
hypoxia. 

I n  t r a i n i p g  a t h l e t e s  t o  compete under mountain conditions,  i n  our  opinion, 
a t t en t io r !  should be focused or, t r a i n i n g  t h e  system of  co r re l a t ion  o f  ox ida t ioc  
with phosphorylation, and on t h e  s e l e c t i o n  o f  a t h l e t e s  i r ,  which this system i s  
bes t  developed. The development of a system of  t r a i n i n g  and t h e  se l ec t ion  of 
tests t o  determirie. the r e l a t i v e  development o f  t h e  l i nkage  of oxidation with 
phosphorylation i s  a mul t id i sc ip l ina ry  t a s k  f o r  physiologis ts ,  biocnemists, a r d  
physical  education in s t ruc to r s .  

The proposed scheme o f  t h e  p a r t i c i p a t i o n  o f  ox ida t ive  processes i n  in t ense  
muscular work and i r  t h e  t r a i n i n g  o f  sportsmen i s  i n  complete accordance with 
present  da ta  on t h e  biochemistry of  oxidat ive and g l y c o l y t i c  processes. It i s  
based on t h e  da t a  obtained i n  physiological  and biochemical research on t h e  
funct ional  c a p a b i l i t i e s  of athletes,  on a t h l e t i c  t r a i n i n g  and accl imat izat ion 
t o  mountain conditions. It does, however, s t i l l  r e q u i r e  in t ens ive  arid conpre
hensive experimental v e r i f i c a t i o n  on animals and human subjects.  
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THE ROLE OF ANAEiiOBIC AND AEROBIC PROCESSES I N  THE ENEFtGY /8
SUPPLY FOR INTENSE MUSCULAR WORK 

T . A .  Al l ik  
(Central  Research I n s t i t u t e  f o r  Physical Culture,  Moscow) 

There a r e  two reactior. chains producing ATP"in t h e  s k e l e t a l  muscles, namely, 
glycolysis  and oxidation. These chains a r e  c l o s e l y  i n t e r r e l a t e d .  Oxidation i s  
t h e  continuation of glycolysis ,  w h i l e  g lycolysis  i s  t h e  source o f  t h e  s u b s t r a t e  
f o r  oxidation. Other sources f o r  this s u b s t r a t e  a r e  t h e  conversions of fa t s  
ar,d proteir 's. 

Muscular work i s  performed over t h e  intermediary o f  b io log ica l  energy. The 
b i o l o g i c a l  energy t h a t  can be produced i n  t h e  chain o f  oxidat ive r eac t ions  i s  
many times as g rea t  as i n  t h e  chain o f  g lyco ly t i c  react ions.  The amount of bio
l o g i c a l  erergy produced i n  t h e  ox ida t ive  chain may vary, owing t o  t h e  equal and 
opposi te  charges i r  t h e  production of thermal energy. 

The q u a r t i t a t i v e  r e l a t i o n  between thermal and b io log ica l  energy, produced 
i n  t h e  oxidat ive chair,depends on how rap id ly  these  two forms of energy a r e  
used up. hlen ATP, t h e  c a r r i e r  of b io log ica l  energy, i s  removed f r o m  t h e  me
dium, t h i s  r a t i o  s h i f t s  toward g r e a t e r  production of b io log ica l  energy. The 
number of ATP molecules may be as g rea t  as f i v e  f o r  each atom of oxygen p a r t i c i 
r a t i n g  i r  t h e  oxidatior,. I n  t h e  organism as a whole, such conditions are ex
t ab l i shed  ir. extremely strenuous work. /9 

During i n t e n s e  physical  work, t h e  content of l a c t i c  a c i d  (LA) i n  t h e  body 
may increase,  leadir,g t o  oxygen want. This has l e d  t o  t h e  idea  t h a t ,  under 
acu te  oxygen insu f f i c i ency ,  strenuous work i s  performed mainly by using t h e  en
ergy l i b e r a t e d  ir, t h e  glycolysis  r eac t ions ,  and t h a t  elimination of t h e  oxygen 
debt reduces pr imar i ly  t o  removal of t h e  excess LA formed. According t o  t h i s  
i d e a ,  t h e  oxidat ive mechanism of  b io log ica l  energy production, which i s  con
s ide rab ly  more powerful, i s  unable t o  funct ion properly when t h e  need f o r  such 
energy i s  a t  a maximum.  

Our ca l cu la t ions  have been based on present data on t h e  r e l a t i o n  between 
oxidat ive and g l y c o l y t i c  processes,  as w e l l  as on t h e  changes i n  t h e  oxygen con
sumptior., oxygen deficiency, and energy consumed i n  muscular work described i n  
t h e  l i t e r a t u r e  OK t h e  physiology o f  sports .  These ca l cu la t ions  showed t h a t  t h e  
b io log ica l  energy produced during t h e  course of g l y c o l y t i c  r eac t ions  i s  on ly  a 
Peg l ig ib l e  f r a c t i o n  of t h e  energy consumed i n  work. The energy l i b e r a t e d  by 
oxidat ion,  on t h e  o t h e r  hand, i s  q u a n t i t a t i v e l y  c lose  t o  t h e  t o t a l  energy used 
i n  work. I n  t h e  100-meter dash, t h e  energy produced by glycolysis  i s  only  1/7 
of t h e  t o t a l  energy used, w h i l e  t h a t  produced by oxidat ion of r eac t ions  i s  
about 6/7. 

If w e  assume t h a t  most o f  t h e  body's work i n  t h e  100-meter dash i s  i n  f a c t  
formed i n  t h e  chain of g lyco ly t i c  r eac t ions ,  then t o  consume t h e  accumulated /10 

-x- ATP - adenosine tr iphosphate.  
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products o f  glycolysis  by oxidation would t ake  a t  l e a s t  f i v e  times as much en
ergy as i s  a c t u a l l y  used during t h e  dash. 

These ca l cu la t ions  show t.hat t h e  assumption o f  a s i g n i f i c a n t  r o l e  played 
by glycolysis  i n  supplying t h e  energy for i n t e n s e  muscular work cannot be COP 

firmed, e i t h e r  by present  biochemical da t a  or by s tud ie s  on t h e  physiology and 
biochemistry of spor t s .  

I n  our  opinion, t h e  phenomenon of t h e  oxygen debt i s  explaired by t h e  ex
i s t e n c e  of reserve sources of biological  energy i n  t h e  body. On t h e  o r e  haEd, 
such oxygen reserves e x i s t  i n  hemoglobin and  myoglobin. The blood oxygefi l e v e l  
decl ines  markedly during work. This induces t h e  body t o  use a l a r g e r  amourit o f  
oxgger t h a r  it receives  from the  a i r .  Af te r  work has ended, t h i s  owger ,  bor
rowed from the  blood a r d  t i s s u e s ,  must be replenished t o  r e s t o r e  t h e  l e v e l  char
a c t e r i s t i c  of t he  s t a t e  o f  r e s t .  

On t h e  o the r  hand, biological  energy reserves e x i s t  -0 i n  phosphocreatir.e 
(PC). Some authors be l l cve  t h a t  PC i s  an anaerobic agent lur t h e  reduction of 
ATP. However, i t  must be r eca l l ed  t h a t  PC i s  formed only from ATP. Conse
quently,  PC i s  as much a product o f  oxidat ion o r  g lyco lys i s  as ATP i t s e l f .  The 
p a r t i c i p a t i o n  of PC i n  t h e  reduction o f  ATP has no e f f e c t  on t h e  r a t i o  o f  aero
b i c  t o  anaerobic sources of biological  energy. It  i s  poss ib l e  t h a t  a l s o  o t h e r  
reserve sources of b io log ica l  energy e x i s t  i n  t h e  body. 

The supply of ecergy f o r  i n t ense  muscular work can be imagined t o  proceed 
as follows: During t h e  f i r s t  seconds of work, which i s  accomplished l a r g e l y  /11
with t h e  energy o f  PC, t h e  functions o f  a l l  systems of t h e  body a r e  reorgarLzed, 
and t h e  r a t e  of ox ida t ive  reactioi-.s increases .  A s  a r e s u l t  of t h e  oxyger. con
sum>tior., t h e  t i s s u e  oxygen l e v e l  f a l l s ,  and ar! increased flow of oxyger from 
t h e  a l v e o l i  t o  t h e  t i s s u e s  begins. This mecharism a c t s  l i k e  a suction pum~. 
The oxygen l e v e l  decreases Lot only i n  t h e  t i s s u e s  but a l s o  in t h e  blood, and 
t h i s  t h e  more so,  t h e  more rapidly oxyger, i s  consumed. I f  r e sp i r a t ion  i s  un
a b l e  t o  suFply t h e  requiremeKts o f  t h e  ox ida t ive  system, t h e  blo3d oxygen l e v e l  
f a l l s  s t i l l  fu r the r .  

The oxidat ive processes can only proceed simultaneously with glycolysis ,  
which i s  t h e  source of t h e  subs t r a t e s  f o r  oxidation. Since, as t h e  r a t e  of oxi
datior, r i s e s  t h e  oxygen l e v e l  o f  t he  muscular t i s s u e  f a l l s ,  t h e  oxidation reac
t i o n s  a r e  retarded. The l o s s  of oxygen i c  t h e  sphere o f  oxidat ive r eac t ions  i s  
compersated by t h e  excess of subs t r a t e s  supplied by g lyco lys i s ,  by t h e  i r c reased  
LA l eve l .  Thus, t h e  excess of  LA i s  not  a sign of  an accumulation of t h e  end 
product of glycolysis  - aT! accumulation adversely a f f e c t i n g  work - but r a t h e r  
of an i r c r e a s e  i n  t h e  concentration of  oxidat ion s u b s t r a t e s  which compensate f o r  
t h e  l o s s  of oxyger. i n  t h e  sphere of ox ida t ive  r eac t ions  and support t h e  r eac t ion  
r a t e  required t o  mair.tain work. During r e s t o r a t i o n  o f  t h e  reserves  exhausted 
by work, t h e  W. l e v e l  o f  t h e  muscles decreases t o  normal. T h i s  process r e f l e c t s  
the  gradual slowdown o f  t h e  oxidat ive r eac t ions  as the  high-er,ergy phosFhorus /12 
compounds ( P C )  a r e  r e s to red  ar.d t h e  t i s s u e s  become sa tu ra t ed  with oxyger,, ar.d 
a l s o  i r d i c a t e s  t h e  consumFtion of  t h e  excess LA i n  t h e  ox ida t ive  r e a c t i o r ; ~ .  

The share o f  t h e  anaerobic processes, i.e., o f  t h e  g lyco ly t i c  react ions,  
i n  t h e  energy supply for i rhense  muscular a c t i v i t y  of mar, i s  s l igh t .  However, 
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urder  t hese  condi t ions,  t hey  are  s t i l l  t h e  main source of  t h e  subs t r a t e s  f o r  
oxidatior. ,  so  t h a t  t h e  oxida t ive  ( ae rob ic )  processes car, proceed only simultane
ous ly  with t h e  g lyco ly t i c  ( artaerobic) processes. The primary funct ion o f  gly
co lys i s  ir .  b io logica l  energy Froduction can be compared wi th  t h e  operat ion o f  a 
pump which forces  f u e l  under pressure i n t o  a powerful j e t  engir,e. 

7 




THE ANTIHYPOXIC ACTION OF THE NATURAL CONPOUND GLUCOKO- /13
DIIGX”YLAMIN0ACETATE (Pangamic Acid) 

S.V.Andreyev 
( I n s t i t u t e  o f  Cardiovascular Surgery, USSFi Academy of Medical 

Sciences, Director :  Prof .S.Kolesnikov; Science I n s t r u c t o r :  
A, N .Bakulev, El0 scow) 

With t h e  object  of s tudying t h e  r egu la t ing  antihypoxic ac t ion  of t h e  widely 
d i s t r i b u t e d  n a t u r a l  compound, gluconodimethylamino a c e t a t e  (pangamic a c i d ) ,  
A.V.Dokukin, Yu.S.Chechulin, Yu.V.Bukin, and A.I.Rode, o f  o u r  laboratory s ta f f ,  
performed several series of experiments. The experimental animals were i n j e c t e d  
by t h e  subcutaneous, intravenous,  b t r a c o r o n a r y ,  and subarachnoidal routes  with 
pangamic ac id ,  and given i t  i n  t h e i r  dr inking water (10-150-500 mg/kg); t h e  
su rv iva l  time was observed under conditions of acu te  a spkmia  or. 245 white mice 
and 185 white rats i n  a hermetically sea l ed  system, measuring t h e  absorbed oxy
gen i n  ml/min. I n  t h e  same environment, t hey  measured t h e  t i n e  of  a p e a r a n c e  
ofarrhythmiaand f i b r i l l a t i o n  under t h e  condi t ions of a c u t e  foca l  myocardial 
ischemia i n  26 c a t s ,  and t h e  time required f o r  normalization of t h e  hea r t  bio
cu r ren t s  i n  fou r  dogs. 

The mean su rv iva l  t i m e  of mice, given pangamic a c i d ,  w a s  longer than t h a t  
of t h e  con t ro l s  (p  = 0.06); a t  t h e  20th minute from t h e  start  of  t h e  exyerimer.t,
9% o f  t h e  con t ro l s  and 3.3% of  t h e  experimental animals had died; a t  t h e  30th 
minute t h e  f i g u r e s  were 66.5 arid 56%, respect ively.  Rats given pangamic a c i d  
survived an average of 10 min longer than t h e  controls.  

Pangamic a c i d  inc reases  t h e  r e s i s t a n c e  t o  hypoxia o f  heal thy rats ar.d o f  
some rats i n  a s t a t e  o f  acu te  s t reptococcal  and staphylococcal i n t o ~ c a t i o n .  
The volume of oxygen absorbed i s  inve r se ly  proport ional  t o  t h e  survival  time o f  
t h e  rat under t h e  condi t ions of experimental hypoxia i n  a hermetically sealed /Ir, 
r e s p i r a t o r  system. 
t h e  longer  it w i l l  survive ar,d t h e  more r e s i s t a n t  it w i l l  be t o  hypoxia. 

The smaller t h e  volume of  oxygen absorbed by t h e  animal, 
The 

su rv iva l  time i s  longer  t h e  younger t h e  animal. 

I n  c a t s  given pangamic ac id ,  arrhythmia set  ir: 10.6 min a f t e r  l i g a t u r e  of 
t h e  ao r t a ,  and i n  t h e  con t ro l s  w i t h h  3.8 m i n  (p  = O.Ol24); by t h e  20th minute 
a f t e r  l i g a t u r e  of t h e  descending branch o f  t h e  l e f t  a o r t a ,  69% of t h e  con t ro l s  
and 2% of t h e  experimental animals had died ( p  = 0.05). I n  dogs, pangamic a c i d  
temporarily eliminated ( f o r  20 min) a v e n t r i c u l a r  extrasystole .  

The p o s i t i v e  r egu la to ry  e f f e c t  of pangamic a c i d  on t h e  oxygen regime of 
t h e  organism, under condi t ions o f  hypoxia, i s  a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h i s  
n a t u r a l  compound p a r t 5 c i p a t e s  i n  t h e  r eac t ions  of transmethylation as a donor 
o f  methyl groups. It stimulates methylation o f  nicotinamide i n  human sub jec t s  
arid oxidat ive demethylation. It inc reases  t h e  a c t i v i t y  o f  t i s s u e  dehydrases, 
s t imu la t e s  t h e  funct ion o f  t h e  adrenal cor tex,  p a r t i c i p a t e s  i r ;  t h e  synthesis  of 
choline,  c r ea t ine ,  and perhaps a l s o  o f  adrenaline.  It  i s  w e l l  known t h a t  t h e  
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l e v e l  of  c r e a t i r e  phosphate ir. t h e  myocardium and b ra in  t i s sue  f a l l s  sharply 
wader c o r d i t i o r s  or" hyFoxia, which makes t h e  i n t e n s i f i c a t i o n  of  c r e a t i n e  synthe
sis by Far.gamic ac id  p a r t i c u l a r l y  important. 
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PAF.TICIPATIO!U' OF AFtTEhIAL, VEXOUS, AND TISSUE RECEPTOBS IIi 
THE FtEGUUTION OF EXTPAAL RESPIMTION IN HYFOXIA 

L . 1  .Ardashnikova 
( I n s t i t u t e  of Normal ar,d Pathological  Physiolom, USSF. Academy of 
Fedical  Sciences, Ass i s t an t  Director:  G.1 .Kryzhanovskiy, KD ; 

CirculatioE and Eespirat ion Laboratory, Director:  Professor  M.Ye. 
Xarshak  , COrreSpOnding Member USSR Academy of hed ica l  Sciences ) 

Ever siKce t h e  discovery o f  t h e  chemoreceptors o f  t h e  s inoca ro t id  and car
d ioaor t i c  regioris t h e r e  has been no doubt t h a t  t h e  p a r t i a l  pressure o f  oxyger. 
(pC,) of t h e  a r t e r i a l  blood i s  not  only a mear:s f o r  regulat ion but a l s o  Fro
vides t h e  a f fe rer , t  s igr .a ls  er.suring t h i s  regulat ion by r e f l e x  actior: on the  re
sri ra to ry center  

The following f a c t s  have beer: es tabl ished:  

1. Ocly t h e  p a r t i a l  pressure of oxygen i n  t h e  a r t e r i a l  blood c o r s t i t u t e s  
ar. adequate st imulus o f  t h e  chemoreceptors o f  t hese  regions (but by r:o neans 
t h e  oxygerAl e v e l ) .  

2. Af t e r  der.ervation or" t hese  zones, t h e  ininute volume ( W )  does r o t  in
crease when pC,? i n  t h e  a r t e r i a l  blood decreases. 

3. Even a f t e r  prol.or1ged t r a i n i n g  ir. t h e  a l t i t u d e  chamber, no o the r  recep
t o r s  replace t h e  functions o f  t h e  chemoreceptors of t h e  ca rd ioaor t i c  arLd sir.0
ca ro t id  zores,  although o the r  adapt ive react ions do p e r s i s t .  

A s p e c i a l  study has shown t h a t  a low pG2 does not s t imulate  t h e  chemo- /16
receptors ;  a l s o  i n  ischemic hypoxia of  various organs, no r e f l e x  inc rease  i n  
t h e  KV was coted. 

Fecectly,  r epor t s  have appeared on t h e  regulatory e f f e c t  o f  t h e  l e s s e r  
c i r cu la t ion  on t h e  KV i n  hypoxia. These reports  a r e  based or, i n d i r e c t  compari
sons of pc'? i n  t h e  mixed verious blood and t h e  magnitude of t h e  MY i n  human sub
j e c t s ,  a r d  on c e r t a i n  d i r e c t  experimental data. S u b s t a r t i a l  discrepar?cies ex
is t  i n  t h e  results and cor,cepts o f  var ious authors on t h i s  subject.  Today,, 
t h e r e  i s  no s u f f i c i e n t  reason f o r  assuming t h a t  t h e  chemoreceptior of t h e  l e s s e r  
c i rcu la t ior ,  has a major inf luence i n  t h e  regulat ion of t h e  KV. 

Thus, only t h e  s ign i f i cance  o f  t h e  chemoreceptors o f  t h e  a r t e r i a l  system 
f o r  t h e  regulat ion o f  t h e  external  r e s p i r a t i o n  during va r i a t ions  i n  t h e  pC2 ar,d 
f o r  mairztecance of t h e  r e l a t i v e  constapcy o f  t h e  p02 i n  t h e  a r t e r i a l  blood can 
today be considered as d e f i n i t e l y  proved. A s  shown by s p e c i a l  s tud ie s ,  no 
adaptation of t h e s e  receptors t o  oxygen insu f f i c i ency  t a k e s  p lace ,  even under 
t h e  p ro t r ac t ed  a c t i o n  o f  a decreased p a r t i a l  oxyger, pressure.  The s p e c i f i c i t y  
of these receptors  i s  ce r t a in :  They p lay  a more important r o l e  i n  t h e  regula
t ior ,  of r e sF i r a t ion  than i n  t h a t  o f  any o t h e r  systems of t h e  organism; no o t h e r  
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chemoreceptors induce such extensive changes i n  r e sp i r a t ion .  

I n  t h e  complex regulatory system f o r  t h e  owgen regime o f  t h e  organism, 
var ious e f f ec to r  l i n k s  ( ex te rna l  r e s p i r a t i o n ,  cardiac a c t i v i t y ,  vascular  tonus)  
not only play d i f f e r e r s t  r o l e s  i n  oxyger, t r anspor t ,  but even have a d i f f e r e n t  
scheme o f  regulation. Since t h e  funct ion o f  external  r e s p i r a t i o n  i n  t h e  /17mairterance of  oxygen t r anspor t  i s  t o  ensure adequate oxygenation o f  t h e  ar ter i 
a l  blood, i t  i s  r ia tural  t h a t  t h e  chemoreceptors, which r egu la t e  r e s p i r a t i o n  i n  
hypoxemia, should have- been loca l i zed  during t h e  process o f  evolution only i n  
t h e  region of t h e  major a r t e r i e s .  
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FEATUErES OF THE OXYGETI REGIME AND ITS REGULATION AT VARIOUS AGES /18 
A.A .Arshavskiy 

(Laboratory o f  Age-Group Physiology and Pathology, 
I n s t i t u t e  o f  Normal and Pathological  Physiology, 

USSR Academy of Sciences, Moscow) 

1. Antenatal Per iod 

Topics include: f ea tu re s  of t h e  change i n  oyygen regime i n  t h e  pregr.ar.t 
organism? i n  connection with t h e  p02 gradient  required f o r  adequate suFply of 
oxygen t o  t h e  developing embryo and fe tus .  A b i l i t y  of t h e  an tena ta l  orgarism 
i t se l f  t o  r e g u l a t e  t h e  oxygen regime, The e f f e c t  o f  hypoxemia and hyperoxemia 
of t h e  mother on t h e  growth and development o f  t h e  embryo and f e tus .  Physio
l o g i c a l  s i g r i f i c a n c e  o f  t h e  f e a t u r e s  o f  t h e  owgen regime duripg t h e  an tena ta l  
period. 

2. Pos tna ta l  Period 

a )  Period before  adoption of a standing posture.  - Topics ir.clude: Fea
t u r e s  of t h e  oxygen regime (homeostasis) and i t s  regulat ion i n  t h e  period before 
adoption o f  a standing posture.  Physiological s ign i f i cance  of  t h e  high l e v e l  
of  oxygen consumption during t h i s  period. Mechanisms (riervous and humoral) o f  
regulation of t h e  a c t i v i t y  of t h e  r e s p i r a t o r y  and cardiovascular systems t o  
maintain t h e  high leve l  of oxygen consumption i n  t h i s  period. Causes o f  t h e  /19 
narrow range o f  p o t e n t i a l  l a b i l i t y  of t h e  r e s p i r a t o r y  and cardiovascular system 
i n  t h e  per iod before adoption of  a standing posture.  

b) Per iod a f t e r  adoption of  a standing posture.  - Organization of r e s t  and 
decreased oxjgen consumption p e r  u n i t  body weight during rest. Role o f  t h e  
s k e l e t a l  musculature i n  t h e  mechanisms of organizat ion of r e s t  and decreased 
l e v e l  of oxygen consumption ( energy consumption) during growth and development 
of t h e  organism. Nechanisms o f  gradual i nc rease  i n  p o t e n t i a l  l a b i l i t y  of t h e  
r e sp i r a to ry  and cardiovascular systems during growth and development of t h e  body 
a f t e r  adoption of t h e  standing posture. 

I n  connection with t h e  da t a  on r e l a t i v e  ontogenesis obtained on rats, rab
b i t s ,  and dogs (FhySiOlOgiCally mature and immature), a comparative presenta
t i o n  of t h e  values  of t h e  l lenerge t ic  rule o f  t h e  surface" and "energetic r u l e  
of t h e  s k e l e t a l  musclesTri n  t h e  mechanisms of progressive decrease i n  oxygen 
consumption (energy consumption) i n  t h e  state of  rest during p o s t n a t a l  onto-
genesis af ter  adoption of s tanding posture. Physiological  s ign i f i cance  o f  t h e  
gradually decreasing level o f  oxygen consumption i n  t h e  period a f te r  adoption of 
t h e  s t a rd ing  posture. Role o f  t h e  s k e l e t a l  musculature i n  t h e  mechanism of in
h ib i t i on  of t h e  a c t i v i t y  o f  t h e  r e s p i r a t o r y  cen te r  and gradual decrease of t h e  
na tu ra l  r e s p i r a t o r y  ra te  during pos tna ta l  ontogenesis. Decrease o f  t h e  na tu ra l  
r e sp i r a to ry  rate and concomitant decrease o f  t h e  p a r t i a l  oxygen p res su re  i n  t h e  
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a l v e o l i  and i n  t h e  blood. Sigrdf icance of  t h e  r e s u l t a n t  state of  physiological 
hypoxemia ir. t h e  mechanism of  generation of vagal tonus (by s t imulat ion o f  /20
t h e  chemoreceptors of  t h e  s inoca ro t id  and ca rd ioaor t i c  zones). Causes respon
s i b l e  f o r  t h e  high na tu ra l  r e s p i r a t o r y  rate and absence o f  vagal tonus during 
t h e  e n t i r e  F o s t r a t a l  ontogenesis o f  idioadapt ive ( s t enob ion t i c )  organisms (es
p e c i a l l y  ir! rats and r a b b i t s ) ,  and lowering of t h e  n a t u r a l  r e s p i r a t o r y  ra te  and 
aFpearal-..ce o f  vagal t o rus  i n  aronorphous o r  eurybiontic mammals. 

These s t u d i e s  e s t ab l i shed  t h e  s ign i f i cance  of  systematic muscular t r a i n i n g  
and t r a i r i n g  t o  hypoxia i n  rats and r a b b i t s  during pos tna ta l  ontogenesis as 
f a c t o r s  responsible  f o r  t h e  s t a b l e  decrease i n  t h e  l e v e l  of  oxygen consumption 
(er?ergy corsumptior), t h e  riatural r e s p i r a t o r y  rate, and t h e  appearance o f  vagal 
torus.  The paper summarizes da t a  f r o m  t h e  research by V.D.Rozanova, S.I.Yeni
keyeva. E.I.Arshavskaya, I.S.Ugolbayeva, D.U.Ermotova, O.T.Vatseva, and t h e  
author of  t h i s  report .  



3l:X DATA ON THE OXYGZN CONSWTIOI\;OF THE FUNCTIONING /21
HEART AND SKELETAL MUSCLES CF THE FROG 

I.S.Balakhovskiy, O.A.Virovets, and N.H.Azarenkova 
Hoscow 

The musculus s a r t o r i u s  and hear t  of t h e  f r o g  are c l a s s i c a l  ob,jects of Fhy
s i o l o g i c a l  s tud ies ,  and t h e i r  i nves t iga t ion  ofPers various advantages. Appli
cation o f  t he  polarographic technique permitted studying t h e  resp i ra t ior ,  of 
these Freparations under various experimental conditions. Our work y i e lds  t h e  
following conclusions: 

The oxygen consumption o f  t h e  f rog  hea r t  may f l u c t u a t e  from 20 t o  about 
2500 clltr/gm of moist weight p e r  hour, and i s  determined by t h e  work done by 
the  heart .  

Adrenaline increases  t h e  oxygen consumption of t h e  f r o g  hear t  i n  proportion 
t o  the  increase i n  t h e  f o r c e  of i t s  contractions.  

The r e sp i r a t ion  o f  t h e  myocardium inc reases  when damaged and r i s e s  sharply 
on i t s  homoger.ization. 

Adrenaline has no e f f e c t  on t h e  oxygeri consumption o f  a homogenate of  t h e  
myocardium arAdl i v e r  o f  t h e  f r o g  and rat. 

The s t imulat ing act ior :  of adrenal ine on t h e  oqge r :  consumption of  t h e  con
t r a c t i n g  hear t  of t h e  f r o g  i s  i n d i r e c t ,  and i s  connected with t h e  increase i n  
t h e  force of  t h e  corltractions. 

I n  experimer,ts with perfusion of t h e  f r o g  hear t  i n  a closed cycle, t h e  
s t imulat ing act ion of a d r e r a l i n e  on t h e  function of t h e  hea r t  i s  r o t  accompaEied 
by a!: ir.crease i r  r e sp i r a t ion ,  even i n  cases where araerobic  processes of er
e r g  productior. a r e  completely excluded. 

The s t imu la t ing  ac t ion  of adrenal ine on t h e  work o f  t h e  f r o g  hear t  i s  not 
d i r e c t l y  connected with a s p e c i f i c  energet ic  process and i s  a l s o  observed /22
during t h e  cardiac contract ion under anaerobic co rd i t i ons ,  even wher! glycolysis  
i s  stopped by monoiodoacetic acid.  

The t r a n s i t i o n  of t h e  s k e l e t a l  muscle o f  t h e  f r o g  f r o m  r e s t  t o  coztract ion 
i s  accompanied by a 2 - 3 f o l d  increase i n  i t s  r e sp i r a t ion ,  i f  t h e  r e sp i r a t ion  
of  t h e  muscle a t  r e s t  i s  i n  t h e  range from 30 t o  100 ,iltr/gm/hr. 

The r e s p i r a t i o n  o f  t h e  i s o l a t e d  m.sartorius o f  t h e  f r o g  a t  rest may be 
high, up t o  500 +ltr/gm/hr. One of t h e  causes of t h i s  increase i s  t h e  s t re tch
ing  of t h e  muscle, i t s  mechanical damage. The c o n t r a c t i o r  o f  such muscles as a 
rule i s  not accompanied by a f u r t h e r  increase i n  t h e i r  respiratior?. 

2,!+-DNP (dini t rophenol)  stimulates t h e  r e s p i r a t i o n  of a r e s t i r g  muscle with 
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a low oxyger, consumption. It has less e f f e c t  on t h e  r e s p i r a t i o n  of muscles 
with a higher oxygen consumption . 

2,l+-DRP has no e f f e c t  on t h e  r e sF i r a t ion  of t h e  contracted f r o g  muscle. 
The coc t r ac t ions  o f  a muscle whose r e sp i r a t ion  a t  rest had been stimulated w i t h  
2,L-DNP a r e  Lot accompanied by a f u r t h e r  increase i n  r e sp i r a t ion .  

Adrenaline has no e f f e c t  OK t h e  oxygen consumption o f  t h e  i s o l a t e d  m.sar
t o r i u s  of  t h e  f r o g  e i t h e r  a t  r e s t  o r  during contraction. 
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ADAPTIVE CHANGES I N  OXYGEN TRANSPORT I N  THE BLOOD, CELLULAF /23
PLASMA, AND MITOCHONDRIA 

Z.I.Barbashova 
(Sechenov I n s t i t u t e  of Evolutionary Physiology and Biochemistry, 

USSR Academy o f  Sciences, Leningrad) 

The organism has a n  extraordinary a b i l i t y  t o  maintain t h e  s t a b i l i t y  of tis
sue oxygen requirements a t  res t ,  and t o  vary it over a wide range during act iv
i ty ,  To meet t h i s  requirement, t h e  organism has extremely complex, d e l i c a t e l y  
regulated and i n t e r r e l a t e d  systems f o r  oxygen t r anspor t :  t h e  system of pulmonary 
r e sp i r a t ion ,  providing t h e  required amount and t h e  necessary p a r t i a l  oxygen 
pressure i n  t h e  a lveo la r  a i r ;  t h e  cardiovascular system, ca r ry ing  blood i n  t h e  
required volume and a t  an adequate r a t e ;  t h e  blood, with i t s  a b i l i t y  t o  pick up 
oxygen i n  t h e  lungs and d e l i v e r  it t o  t h e  t i s s u e s ;  and, f i n a l l y ,  t h e  t i s s u e s  
themselves, i n  which t h e  oxygen molecules t r a v e l  over a complex pa th  u n t i l ,  
co l l i d ing  with a stream of  e lectrons,  they acqu i re  t h e  a b i l i t y  t o  combine with 
ionized hydrogen, forming water, as t h e  end product o f  b io log ica l  o e d a t i o n .  
This l a t t e r  process takes  p l ace  i n  t h e  mitochondria of t h e  c e l l s .  Un t i l  then, 
no matter what compounds oxygen has formed, a l l  a r e  temporary and r e a d i l y  dis
soc ia t e  under c e r t a i n  conditions,  being s i g n i f i c a n t  only as means o f  t ransport .  

Necessary conditions f o r  oxygen t ransport .  I t  i s  general ly  known t h a t  t h e  
prime motive fo rce  of oxygen t r anspor t  i s  d i f fus ion ,  produced by t h e  difference 
between t h e  p a r t i a l  pressure o f  molecular oxygen a t  t h e  hematopulmonary and 
hematohistological ba r r i e r s .  However, t h e  t r a n s f e r  o f  t h e  necessary amount of 
oxygen i n t o  t h e  blood r equ i r e s  c e r t a i n  conditions,  es tabl ished by t h e  peculi- /24
ar i t ies  of hemodynamics and t h e  p rope r t i e s  o f  t h e  blood i t s e l f .  

I n  t h e  t i s s u e s ,  molecular oxygen e i t h e r  d i f f u s e s  d i r e c t l y  i n t o  t h e  mito
chondria and t h e r e  combines with cytochrome-oxidase (Cy-oxidase) o r ,  as takes 
place i n  t h e  muscular t i s s u e ,  t r a v e l s  a complex rou te  i n  t h e  cytoplasm before 
enter ing t h e  mitochondria. Since t h e  muscular t i s s u e  accounts f o r  La of t h e  
e n t i r e  weight of t h e  body, t h e  f ea tu res  of oxygen t r anspor t  are  p a r t i c u l a r l y  im
portant i n  t h e  general  balance of t h e  oxygen supply of t h e  organism. It i s  w e l l  
known t h a t  muscular t i s s u e  i s  a b l e  t o  s t o r e  oxygen i n  t h e  form of a r eve r s ib l e  
compound with myoglobin (Ny + 02 2 MyOa), i.e., it i s  character ized by a cer ta i r ,  
oxygen capacity. The bas i c  aspect  of a combination o f  oxygen with myoglobin i s  
determined by t h e  character  o f  t h e  d i s soc ia t ion  curve of oxymyoglobin. 

The funct ion of myoglobin i s  not  only t o  deposi t  02 i n  t h e  cytoplasm and 
t o  ensure t h e  de l ive ry  of  oxygen t o  t h e  mitochondria when t h e  d i r e c t  diffusion 
of molecular oxygen becomes i n s u f f i c i e n t  o r  s tops  a l toge the r ,  f o r  example, dur
i n g  s y s t o l e  o r  contract ion of t h e  s k e l e t a l  musculature. The funct ion of myo
globin a l s o  i s  t o  maintain t h e  optimum d i f f u s i o n a l  gradient o f  t h e  p a r t i a l  oxy
gen pressure between t h e  c a p i l l a r y  blood and t h e  c e l l u l a r  cytoplasm, and be
tween t h e  c e l l u l a r  cytoplasm and t h e  mitochondria, which t h e  oxygen must d i 
r e c t l y  reach i n  order  t o  combine with t h e  Cy-oxidase. Consequently, t h e  func
t i o n  of myoglobin i s  t o  maintain t h e  optimum conditions f o r  t h e  oxidat ive pro
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cesses. 

Ir t h e  mitochondria, molecular 0 2  en te r s  i n t o  r e v e r s i b l e  combination with,& 
t h e  Cy-oxidase; a f t e r  i i be ra t io r .  from t h e  oxidase, t h e  oxygen i s  ionized by t h e  
e1ectror.s t r a r s f e r r e d  t o  i t  from t h e  oxidase. It i s  only now t h a t  t h e  oxygen 
becomes ab le  t o  combine with iorLzed hydrogen atoms, i.e., with protons, t o  form 
water, which i s  t h e  er.d product of b io log ica l  oxidatiori. This ends t h e  l i f e  
cycle or" molecular oxyger.. 

The r rocess  o f  termiral oxidat icn i n  i t s e l f  i s  determired by var ious con
d i t i ons .  On t h e  o r e  hand, t h e  react ion of oxygen with Cy-oxidase depends or! 
t h i  p(.. o f  t h e  medium. Or. t h e  o the r  hand, t h i s  reactiori a l s o  deperids on t h e  ac
t i v i t y  of t he  cytochromai system, which suppl ies  a f l u x  of e l e c t r o r s  t o  i o n i z e  
t h e  rroiecular oxyger. F i r a l l y ,  t h e  r a t e  of  t e rmi ra l  oxidat ion i s  a l s o  l i nked  
with t h e  a c t i v i t y  of t h e  erzymes t h a t  t r anspor t  t h e  protons ( f o r  i n s t acce ,  DPR-F 
a n d  T??:-X). The m i r t e r a n c e  of t h e  oxyger. regime o f  t h e  organism i s  determined 
by t h e  degree o f  balarce betweer, t h e  r a t e  of b io log ica l  oxidation and t h e  act iv
i t y  o f  t h e  oggeE- t ra rspor t  systems. 

Adactive charges ir. the-o=erAltransport systems. Durirg t h e  f irst  Feriod 
of ch-&er.tal conditions,  f o r  example, wher, t h e  orgar.ism er, ters a 
r a r e f i e d  atmosrhere, rapid r e f l e x  adapt ive mecharisms go i n t o  ac t ion :  The vol
une cf culn?orary a e r a t i o r  increases;  t h e  minute volume o f  t h e  lungs chapges; a 
r e d i s t r i b u t i o r  or^ blood tak:es p lace ,  mair,taining i n t e n s i f i e d  blood supFly t o  
the  b ra i r :  t h e  oxyger capaci ty  of  t h e  blood increases ,  on account of r ed i s t r ibu 
t i v e  erythroc-yLosis; t h e  acid-base equilibrium of t h e  blood i s  modified, en- /26
couragirg g rea t e r  d i s soc ia t ion  of oxyhemoglobin; t h e  decrease i n  PO? of  t h e  tis
sues f a c i l i t a t e s  zassage of molecular oxygen from t h e  c a p i l l a r y  blood i n t o  t h e  
ce llula r cyLo l a  SIT.. 

Protracted duratior, OF hypoxia w i l l  l e a d  t o  an inc rease  i n  eryt:hropoiesis, 
i . e . ,  ar. increase ir. t h e  l e v e l  of hemoglobin and t h e  number of  erythrocytes;  
t h e  conditions for react ion betweer hemoglobir, and oxygen a r e  modified. A s  a 
r e s u l t ,  t he  oxyger. capaci ty  of  t h e  blood increases  and t h e  conditions f o r  trans
fer of  oxyger frcrr t h e  c a p i l l a r y  blood t o  t h e  t i s s u e s  a r e  improved. The myo
globin cor.tent of  t h e  t i s s u e s  r i s e s ,  thus irlcreasing t h e i r  oxygen capaci ty  and 
improving t h e  cor.ditions f o r  t h e  passage o f  oxygen from t h e  blood i n t o  t h e  cei
l u l a r  cytoplasm a r d  from t h e  cytoplasm i n t o  t h e  rrLtochondria. I n  t h e  mitochon
d r i a ,  t h e  a c t i v i t y  o f  Cy-oxidase and t h e  hydrogen-transporting enzymes in 
creases.  A s  a r e s u l t ,  t h e  u t i l i z a t i o n  o f  oxygen by t h e  mitochondria proceeds 
a t  a high rate, d e s p i t e  t h e  lower pc', i n  t h e  medium, re lz t ive t o  normal condi
t i o r s .  The i s o l a t e d  t i s s u e s  ar.d t h e  i n t e g r a l  organism o f  an animal adapted t o  
hypoxia ir.crease t h e i r  c a p a b i l i t y  t o  draw oxygen from a medium with low PO.+ 
r e l a t i v e  t o  t h a t  o f  an wadapted animal. Thus, maintenance o f  a normal o r  near
l y  normal oxygen regime of  t h e  organism i s  ensured under t h e  new environmental 
corlditions. 

This p i c t u r e  probably occurs whenever t h e  adaptat ion i s  no t  accompanied by 
a decrease i n  metabolism, and t h e  ox ida t ive  metabolism remains a t  i t s  former 
l e v e l ,  c h a r a c t e r i s t i c  f o r  t h e  arimal under i t s  normal conditions of  existence.  

Fatching t h e  modificatqors i n  t h e  oxygeri-transport systems with t h e  oxygen__-



requirements of t h e  organism. For a normal heal thy organism, t h e  a b i l i t y  t o  /27
"match" t h e  adapt ive chafiges t o  t h e  needs o f  t h e  organism i s  cha rac t e r i s t i c .  
T h i s  i s  a kifid o f  econorr.y o f  adaptive r eac t ions  and i s  p a r t i c u l a r l y  d i s t i n c t  i n  
adaptive changes i n  t h e  t r anspor t  p rope r t i e s  o f  t h e  blood. Ekperiments have 
shown a d i r e c t  c o r r e l a t i o n  between s t imulat ion o f  erythropoiesis  and i n i t i a l  
oxygen capaci ty  of  t h e  blood. The lower t h e  i n i t i a l  hemoglobil: level arid t h e  
lower t h e  number of  erythrocytes  i n  t h e  blood, t h e  g r e a t e r  w i l l  be t h e  poss ib l e  
s t imulat ion of erythro- and hemopoiesis. The o q g e n  capaci ty  o f  t h e  blood i n  
hypoxia i s  i n  i t s e l f  apparent ly  determined by t h e  i n t e n s i t y  of  t h e  hypoxic stim
u lus ,  of course within c e r t a i n  limits. For  an exact q u a n t i t a t i v e  determination 
of t h e  matching o f  t h e  compensatory chapges of t h e  oxyger. capaci ty  o f  t h e  blood 
ar,d t i s s u e s  t o  t h e  owgen requirements of t h e  organism, t h e  r e s p i r a t o r y  meta
bolism o f  t h e  a L i m a l s  must be determined. 

Regulation of t h e  adapt ive changes of t h e  oxygen-transport systems. Under 
r,ormai conditions,  t h e  l i n k i n g  of oxygen t o  t h e  hemoglobin i n  t h e  blood, t h e  
myoglobin i n  t h e  muscles, arid t h e  Cy-oxidase i n  t h e  c e l l u l a r  mitochofidria, as 
well  as t h e  dissociatiori  of  these con;plexes, proceed according t o  t h e  p r i r c i p l e  
of dynamic automatic self-regulat ion.  Certain p r e r e q u i s i t e s  f o r  t h i s  e x i s t  i n  
t h e  t r anspor t  systems themselves. However, on disturbance o f  t h e  oxygen regime 
of t h e  organism, adapt ive modifications o f  oxygen t r a n s p o r t  t a k e  place as a re
sult of t h e  regulatory influer.ce of t h e  I;ervous and humoral systems. Apparent
l y ,  t h e  mechanisms of t h e s e  inf luecces  d i f f e r  under t h e  a c t i o n  o f  ar, acute  ar.d 
b r i e f  hypoxia and ur,der t h e  chrofiic inf luence of  oxygen i c su f f i c i ency .  The 
regulat ion of oxygen t r a n s f e r  i n  acute  and chronic hypoxia have been studied, 

/28 
t o  var ious extents.  Exis t ing  research data seem t o  i n d i c a t e  t h a t  both the  
nervous and humoral systems play a major r o l e  i n  t h e  regulat ion of t h e  adaptive 
charges of oxygen t r anspor t .  
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THE OXYGEN PRESSURE I N  THE BRAIN I N  VAFUOUS /2q
PATHOLOGICAL STATES OF TKE ORGANISM 

0. K. Barmina, M.A .Biryukova, P .P .Zag0 sk in ,  
and Fc .I.ELk haylova 

(Kirov Kedical I n s t i t u t e ,  Gor'kiy) 

The method of polarographic determination of t h e  p a r t i a l  pressure of oxy
gen i n  t h e  l i v i n g  brair: has been used t o  e s t a b l i s h  t h e  mode of change i n  oxygen 
absoqztion by t h e  b ra in  on any change i n  i t s  funct ional  state. 

IF a chrorological  experiment, a considerable drop i n  oxygen pressure i n  
t h e  cerebral  cor tex w a s  noted i n  traumatic shock, while i n  t h e  e r e c t i l e  phase 
of shock. accomparied by a r i s e  i n  a r t e r i a l  blood pressure,  t h e  oxygen pressure 
i r  t h e  brair, w a s  higher thar, i t s  i n i t i a l  value. 

9n l i pa t io r .  of t h e  limb o f  an animal, exact ly  t h e  same type  of r egu la r  var
i a t i o n s  i n  oxyger abso-tior! by t h e  ce reb ra l  cor tex i s  r,oted. Within a few 
minutes a f t e r  app l i ca t ion  of t h e  l i g a t u r e ,  t h e  oxygen consumption increases  
s h a r r l y .  remairs high f o r  ?O - ILjmin, a r d  ther. decl ines  gradually. Af t e r  re
moval o f  t h e  l i g a t u r e ,  ar increase ir. oxygen consumption i s  noted, which t akes  
seve ra l  days t o  r e t u r n  t o  t h e  physiological  l eve l .  

The oxyger pressure decreases i n  t h e  animal ce reb ra l  cortex,  following a 
s i r g l e  whole-body rad ia t ior .  dose o f  1500 r of X-rays, while i r r a d i a t i o n  i n  di
vided doses. c0mir.g t o  a t o t a l  o f  1500 r,  i s  Rot accompanied by a similar change 
I n  cxygerl r ressure .  /30 

Ir v i t r o  t e s t s  on t i s s u e  r e s p i r a t i o n  (by t h e  Warburg method) showed t h a t  
traumatic shock as wel l  as whole-body i r r a d i a t i o n  sharply reduces t h e  oxidat ive 
processes ir. t h e  brair . ,  arid t h e  processes of co r re l a t ion  between o f ida t ion  and 
FhosFhorylation a r e  a l s o  affected.  

Ir, homogerates of  t h e  brain of animals, i n  t h e  s t a t e  of deep hypothermia, 
r.0 disrupt ior ,  of c o r r e l a t i o n  between oxidat ion and phosphorylation i s  noted. 
The warming UF of t h e  animals a f t e r  extreme hypothermia l e a d s  t o  a r i se  i n  t h e  
oxidat ive processes and t o  t h e i r  co r re l a t ion  with phosphorylation. I f  t h e r e  
a r e  complications i n  t h e  course of  wardrig up, phosphorylation and i t s  correla
t i o r  with oxidatior, declines.  



CONTRIBUTION TO THE MECHANISP OF ACTIOK OF OXYGEL' ON THE OFiGAKISK DL 
UNDEF. NOWiL ATKOSPHEHIC PRUSURL 

G.A.Vaksleyger 
(Departmert of  Normal Physiology, 

Medical I n s t i t u t e  Orenburg) 

Physiology and c l i n i c a l  p r a c t i c e  have co l l ec t ed  r e l i a b l e  da ta  or. t h e  
char,ges i n  various body functions on inha la t ion  of a i r  with i n s u f f i c i e n t  o r  ex
cess oxygen. The discovery of t h e  chemcceptive zones o f  t h e  a o r t a  ar.d ca ro t id  
region has been of grea t  importance f o r  t h e  understanding of t h e  mecharism of  
t h e  complex s h i f t s  taking place i r  such cases. However, evet today, much i s  
s t i l l  unknown about t h e  act ion of  oxyger or . . the r e s p i r a t i o n  apd t h e  orgarAsm as 
a whole. I n  t h i s  connectLon, we made a s e r i e s  of s t u d i e s  whose results are 
given below. 

Method. I n  comparative acu te  and chronic t e s t s ,  we s tudied t h e  following: 
s t a t e  of external  r e sp i r a t ion  (pneumography); r e f l e x  e x c i t a b i l i t y  of t h e  re
sp i r a to ry  c e r t e r  (from t h e  exc i t a t ion  threshold o f  t h e  vagus cerve exposed or. a 
sk in  f l a p  i n  t h e  neck); oxygen pressure i n  t h e  b ra in  t i s s u e ,  t h e  myocardium, 
and i n  t h e  cerebrospinal f l u i d  (by t h e  polarographic method); e l e c t r i c  response 
o f  t h e  r e s p i r a t o r y  muscles (electromyography); a c t i v i t y  of t h e  cardiovascular 
system ( a r t e r i a l  pressure,  ECG, hear t  mechanogram); s t a t e  o f  t h e  red blood 
(hemoglobin content,  number of erythrocytes,  hematocrit reading). The s t a t e  of 
hypoxia was e s t ab l i shed  by inha la t ion  o f  a i r  of reduced oxygen cor,tent a r d  t h a t  
of hyperoxia, by inha la t ion  o f  oxygen a t  normal atmospheric pressure.  

1. Changes i n  t h e  oxygen content o f  t h e  i n s p i r e d  a i r ,  both inc rease  arid de
crease,  were accompanied by a monotonous s h i f t  i n  t h e  oxygen pressure i n  t h e  &2 
brain t i s s u e ,  t h e  myocardium, and t h e  cerebrospinal f l u id .  

2. W i t h  i n t a c t  innervation of t h e  chemoceptive reflexogenous zones, 02 in
h a l a t i o r  l eads  t o  two-phase modifications i n  t h e  ex te rna l  r e sp i r a t ion :  t h e  
f irst  phase, a b r i e f  r e sp i r a to ry  depression, gives way i n  2 - 5 min t o  a phase 
of r e s to ra t ion  of t h e  r e sp i r a t ion  t o  t h e  o r i g i n a l  l e v e l ,  i n  s p i t e  of t h e  con
tinued actior:  o f  02. On inha la t ion  o f  h y p o ~ cmixtures,  t h e  ex te rna l  respira
t ior:  i s  i n t e n s i f i e d .  

3. The r e f l e x  e x c i t a b i l i t y  of t h e  r e s p i r a t o r y  cen te r  shows s h i f t s  depending 
on t h e  02 content of t h e  in sp i r ed  a i r  (Table 1). 

Moderate hypoxia (14- 16%0,) i s  accompanied by irregular f luc tua t ions  of 
t h e  e x c i t a b i l i t y  o f  t h e  r e s p i r a t o r y  center ,  both up and down. More extensive 
hypoxia ( 9  - 14% 02)  l eads  i n  70% of t h e  experiments t o  a r ise  i n  t h e  excita
t i on  threshold of  t h e  r e s p i r a t o r y  cen te r ;  i n  t h e  remaining experiments, excita
b i l i t y  was e i t h e r  reduced o r  remained constant. 

Conversely, i nha la t ion  o f  hyperoxic mixtures (30 - 80% 0 2 )  u s u a l l y  l e d  t o  
a lower threshold of  reflex e x c i t a b i l i t y  o f  t h e  r e s p i r a t o r y  center.  
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4. After  denervation of t h e  chemoceptor a o r t i c  and c a r o t i d  zones i n  t h e  
rjarcotized dog, i zha la t ion  o f  0 2  i n  a number o f  cases w a s  accompanied by t y p i c a l  
tWo-FhaSe changes i n  r e sp i r a t ion .  This e f f e c t  w a s  more pronounced aga ins t  t h e  
background o f  a .preliminary inha la t ion  of  a hypoxic mixture. 

TABLE 1 

VARIATION OF THE THRESHOLD OF KEFLM EXCITABILITY 
OF THE RESPIRATORY CENTEX? ON INHALATION OF A I R  

WITH VARYING 02 CONTENT 

Oxygen Content 
i n  t h e  A i r  of Experit h e  Chamber, 

I % 
I 
I 

I 14 - 16 

1 8 - 2 1  

2? - 8 0  

5. With i n t a c t  irmervation, hyperoxia induced two-phase changes i n  t h e  bio
c u r r e r t s  of t h e  diaphragm: i n h i b i t i o n  of i n s p i r a t o r y  a c t i v i t y  i n  t h e  first 
rhase,  and gradual i n t e n s i f i c a t i o n  i n  t h e  second. This was accompanied by an 
increased frequency ar.d amplitude of t h e  biocurrents  i n  t h e  i n t e r c o s t a l  expira
t o r y  muscles, and by increased duration o f  t h e  a c t i v e  phase. 

The e x t e r t  of changes i n  t h e  e l e c t r i c  a c t i v i t y  of t h e  r e s p i r a t o r y  muscles 
i n  hyFeroxia was always g r e a t e r  a f t e r  previous inha la t ion  of a gas mixture with 
a lower 02 content. 

Inha la t ion  of  a hypoxic gas mixture l e d  t o  an i n t e n s i f i c a t i o n  of t h e  bio
currents  of t h e  diaphragm and increased t h e  frequency o f  i t s  contract ion;  a t  t h e  
same time, t h e  frequency, amplitude and durat ion of t h e  a c t i v e  phase diminished 
i n  t h e  expiratory i n t e r c o s t a l  muscles. 

After complete denervation of both reflexogenous zones, hyperoxia i n  most 
cases induced increased diaphragm a c t i v i t y :  t h e  c h a r a c t e r i s t i c  s h i f t s  i n  t h e  
a c t i v i t y  o f  t h e  i n t r a c o s t a l  exp i r a to ry  muscles were not noted. Against t h e  /34
background of  a preceding hypoxia, t h e  i n h a l a t i o n  o f  oxygen by dogs with an in
t e r rup ted  chemoceptive in re rva t ion  was accompanied by t y p i c a l  two-phase changes 
i n  t h e  e l e c t r i c  a c t i v i t y  o f  t h e  diaphragm observed with i n t a c t  innervation. 

The r eac t ion  t o  hypoxia a f te r  i n t e r r u p t i o n  o f  t h e  a o r t i c  and s inoca ro t id  
zones w a s  character ized by i n h i b i t i o n  of e l e c t r i c  ac t iv i ty  i n  t h e  diaphragn and 
i n t e r c o s t a l  muscles. 



6. With i n t a c t  innervat ion,  oXygen inha la t ion  induced a s1owir.g of t h e  rate 
of cardiac contract ion and a p e r s i s t e n t  depression of  arterial Fressure,  which 
l a s t e d  throughout t h e  e n t i r e  time o f  oxygen inha la t ion .  

I n  t h e  i s o l a t e d  hea r t ,  hyperoxia induced i n t e n s i f i c a t i o n  of  t h e  myocardial 
contract ions,  while hypoxia decreased t h e  c o n t r a c t i l e  functior? of t h e  myocardium. 

7. The carbohydrate metabolism plays t h e  dominant role i n  t h e  mechar.ism of 
actior! of oxygen on t h e  c o n t r a c t i l e  function o f  t h e  heart .  The a c t i o n  of oxy
gen on t h e  hear t  i s  i r t e n s i f i e d  a f te r  an inc rease  i n  t h e  glucose concentratior. 
i n  t h e  perfusion so lu t ion ;  on t h e  o t h e r  hand, depression o f  carbohydrate metabo
l i s m  by addi t ion o f  monoiodoacetate s tops  t h e  a c t i v a t i n g  inf luence of oxyger. on 
t h e  c o n t r a c t i l e  func t io r  of  t h e  heart .  

8.  The changes i n  t h e  red blood during hyperoxia were s tudied or! two groups 
of 10 young heal thy a d u l t s  ( a t h l e t e s ) .  The mean r e s u l t s  o f  t h e  experimer.ts show 
t h a t  t h e  f irst  se s s ion  o f  i nha la t ion  o f  pure oxygen l e a d s  t o  an increase i n  t h e  
erythrocyte count of t h e  per ipheral  blood. IL t h e  following sess ions ,  inhala
t i o n  of oxygen produces hypoglobulia ( i n  agrement  with t h e  data  by Binet ar.a 
Bocher, 1955). 

The hypoglobulia i s  temporary, and t h e  erythrocyte count gradually r i s e s  /?5 
within 30 min of oxygen inha la t ion  (adaptat ion t o  hyperoxia). 

S h i f t s  i n  t h e  blood hemoglobin l e v e l  and i n  t h e  hematocrit reading coincide 
with shifts i n  t h e  erythrocyte  count, t hus  making t h e  r e s u l t s  e n t i r e l y  r e l i ab le .  

9. Deteminat ions of  t h e  oxygen leve l  i n  t h e  cerebrospinal  f l u i d  of  dogs 
showed t h a t  t h e  oxygen content f l uc tua ted  from 0.17 t o  0.30 vel.,%, w i t h  ar; aver
age of 0.23 v01.z. 

Inhalat ion of 96% oxggen induces a r ise  i n  t h e  p a r t i a l  pressure o f  oxyger. 
i n  t h e  cerebrospinal f l u i d ;  ar! inha la t ion  o f  hypoec  mixtures reduces t h e  ~ C J ?  
i n  t h e  cerebrospinal f l u i d .  These s h i f t s  i n  92 pressure o f  t h e  f l u i d  are gradu
a l ,  and t h e  l a t e n t  per iod f o r  t h e  change o f  P% i n  t h e  f l u i d  i s  3 - 4 times as 
long as i n  t h e  brain t i s s u e  and blood. 

Vagotomy ar.d denervation of t h e  s inoca ro t id  reflexogeEous zones l eads  t o  a 
considerable r e t a r d a t i o c  of t h e  s h i f t s  i n  t h e  oxygen pressure of t h e  cerebro
s p i n a l  f l u id .  This permits t h e  hypothesis t h a t  t h e  permeabi l i ty  of t h e  hemato
encephalic b a r r i e r  depends or. i nne rva t iona l  influences.  

The char!ges i n  t h e  external  r e s p i r a t i o n  on i n h a l a t i o n  o f  hypoxic and hyper
oxic  mixtures coincide ir, time with t h e  s h i f t s  o f  p02 i n  t h e  brain t issues  and 
blood; t h e  s h i f t s  o f  pG2 i n  t h e  cerebrospinal f l u i d  l a g  far behir.d those i n  t h e  
r e sp i r a t ion .  Therefore, t h e  s h i f t s  i n  t h e  PO:! of t h e  cerebrospinal f l u i d ,  which 
i s  c lose ly  cornected with t h e  fou r th  v e n t r i c l e  o f  t h e  bra in ,  cannot be regarded 
as responsible f o r  t h e  changes i n  r e s p i r a t i o n  during s h i f t s  i n  t h e  gas composi
t i o n  of t h e  blood. 

10. Our data  permit t o  d i s t ingu i sh  d i r e c t  and r e f l e x  ac t ion  of oxygen on 
t h e  organs and t i s s u e s .  Under normal atmospheric pressure,  an increase i n  t h e  
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0 2  l e v e l  of t he  blood ( o r  o f  t h e  n u t r i e n t  l i q u i d )  causes an i n t e n s i f i c a t i o n  o f f i  
r e s p i r a t i o n  ever. i n  t h e  i s o l a t e d  hea r t ;  a decrease i n  .-ygen leve l  t o  a depres
s i o r  of f u c t i o n .  With i n t a c t  innervat ion,  a shift i n  t h e  oxygen content of t h e  
in sp i r ed  a i r  r e s u l t s  i n  compensatory r eac t ions  tending toward maintenance of a 
cor.star;t blood oxygen leve l  and i ts  constant supply t o  t h e  t i s s u e s .  

These react ions are mediated by t h e  chemoreceptors and l e a d  t o  coordinated 
s h i f t s  ir. t h e  a c t i v i t y  of t h e  r e sp i r a to ry ,  c i r cu la to ry ,  and blood systems. These 
t h r e e  systems should be regarded as a s i n g l e  i n t e r r e l a t e d  system f o r  supplying 
oxygec t o  t h e  organism. The r e s u l t a n t  index o f  t h e  combined a c t i v i t y  o f  a l l  
p a r t s  of t h e  system i s  t h e  pGa o f  t h e  blood and t i s s u e s .  

Uy v i r t u e  of t h i s ,  t h e  i s o l a t e d  study of t h e  s h i f t s  t ak ing  p l a c e  i n  any one 
o f  t hese  systems i s  i n s u f f i c i e n t  and cannot give a complete idea  on t h e  mechan
i s m  of  t he  changes taking p l ace  i n  t h e  organism as a whole, under conditions of 
hrvoxia ar d hyF eroxia. 
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MATHERATICAL APPROACH TO THE STUDY OF THE DYNAMICS OF H W '  L22 
ENEEGY CONSUMPTION I N  A CLOSED SYSTEN 

V.K .Vasilcyev and B.S.Katkovskiy 
Moscow 

The inves t iga t ion  o f  human energy consumption by t h e  ca lo r ime t r i c  method 
o r  by determining t h e  cornposition of t h e  atmosphere ir! a sealed chamber gives 
only  a generalized idea ,  but does not reveal t h e  dynamics of  t h e  c h a r a c t e r i s t i c s  
under study. owing t o  t h e  g rea t  i n e r t i a  of  t h e  system of  chamber p lus  analyzer. 

The conventional methods of  a dynamic study of  energy consumption f r o m  t h e  
r e sp i r a to ry  metabolism involves t h e  use of mouthpieces o r  masks, which i n  it
s e l f  limits t h e  l eng th  of t h e  recording. 

The authors  propose a mathematical approach which, by using c e r t a i n  methods 
of t h e  theory of  automatic con t ro l ,  not only determines t h e  i n t e g r a l  i nd ices  of 
gas exchar.ge i n  a closed chamber, but a l s o  d i sc loses  t h e  s lope o f  t h e  character
i s t i c s  of  i n t e r e s t  during t h e  e n t i r e  period. 

The method i s  based on t h e  unique r e l a t ionsh ip  between t h e  in f luence  (char-ge 
ir,human r e s p i r a t o r y  metabolism) exerted or; a dynamic system (chamber p lus  de
vices  f o r  s t a b i l i z i n g  t h e  parameters of  t h e  phys ica l  medium i n  t h e  chamber) ar,d 
t h e  react ion of  t h e  system (var ia t ior i  o f  t h e  parameters of t h e  physical  m e d i u m ) .  

A determination o f  t h e  dpamics  of gas exchange i s  based on t h e  so lu t ion  
o f  an i n t e g r a l  equation, r e l a t i n g  t h e  formula f o r  any parameter of t h e  physical 
medium i n  t h e  chamber t o  t h e  c h a r a c t e r i s t i c s  under study, provided t h a t  t h e  dy
namic p rope r t i e s  of t h e  system are known. A s  an i l l u s t r a t i o r L ,  t h e  authors  de
sc r ibe  a chamber with control led flow v e n t i l a t i o n  i n  which predetermined condi
t i o n s  f o r  t h e  medium are automatically maintained. T'ne course of oxygen con- & 
sumption i s  considered as t h e  c h a r a c t e r i s t i c  t o  be studied. 

The method permits t h e  use of  a d ig i ta l  computer f o r  solving t h e  i n t e g r a l  
equation, considerably shortening t h e  work-up of t h e  data. 
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OXYGEN EXCHANGE AT INTENSE MUSCULAR ACTIVITY I N  MAN 

N.I.Volkov, V.N.Cheremisinov and Ye.A.Razumovskiy 
(Cen t ra l  S t a t e  I n s t i t u t e  of Physical 

Culture, Moscow) 

The level  of  oxygen consumption i n  t h e  human being, r e g i s t e r e d  from t h e  in
dices of pulmonary gas exchange, increases  by a f a c t o r  of 10 - 20 during in t ense  
muscular work ( D i l l ,  1936; Robinson e t  al., 1939; Ostrand, 1955; Yefremov, 1949, 
acd o the r s ) ,  The rate of oxygen consumption i n  t h e  working s k e l e t a l  muscles 
may i nc rease  by a f a c t o r  o f  100 a t  t h e  same t i m e  (Assmussen, Nielsen, Christen-
sen, 1939). The study of t h e  physiological mechanisms t h a t  regulate t h e  r a t e  
of oxygen consumption during strenuous muscular a c t i v i t y  are important f o r  a 
cor rec t  ur-derstarding of t h e  f e a t u r e s  of energy exchange i n  man, under normal 
and Fathological  conditions. 

Among t h e  well-known f a c t o r s  of c e l l u l a r  metabolism, t h e  following two 
fac to r s  have t h e  g rea t e s t  i n f luence  on t h e  ra te  of oxygen u t i l i z a t i o n  i n  the  
t i s s u e s  during muscular work: a )  t h e  formation, during muscular contract ion,  of 
f r e e  amourts o f  ATP capable o f  e f f e c t i n g  "respiratory control" i n  t h e  mitochon
d r i a ;  b )  t h e  formation, during t h e  react ions of dehydrogenation of energy sources 
(carbohydrates and f a t s ) ,  of metabol i tes  which serve as t h e  s t a r t i n g  subs t r a t e s  
f o r  f u r t h e r  oxidat ive t rarsformations.  The rate of  d i s soc ia t ion  o f  ATP during 
nuscular contract ion,  l i k e  t h e  rate of  formation of t h e  s u b s t r a t e s  of aerobic 
oxidatior,,  i s  l i n e a r l y  r e l a t e d  t o  t h e  degree of stress. According t o  ava i l ab le  
da ta  (Chires e t  a l . ,  1956, 1959; Sekevich, 1959; Carlson, 1963; Hess, 1963) @
t h e  d iv i s ion  o f  t h e  t o t a l  metabolic space i n t o  ind iv idua l  phases interconnected 
by t h e  d i f fus ion  of  t h e  intermediate  metabol i tes ,  as w e l l  as t h e  competition be
tweer: g lyco lys i s  and r e s p i r a t i o n  f o r  t h e  general  subs t r a t e s  and cofactors ,  
exe r t s  a s u b s t a r t i a l  inf luence on t h e  character  and degree of oxygen exchange 
i n  t h e  t i s s u e s .  

Based on  t h e  above f a c t s ,  w e  developed a k i n e t i c  model of oxygen exchange 
i n  t h e  human organism, which assumed t h e  exis tence o f  i n t r a c e l l u l a r  o r  i n t r a 
organism compartmentalization o f  t h e  processes of  aerobic  exchange, and t h e  
l i n e a r  deperdence o f  t h e  rate of t hese  processes on t h e  production of AT? i n  
muscular a c t i v i t y .  For those cases  o f  muscular a c t i v i t y  i n  which t h e  e n t i r e  
cycle  of  ox ida t ive  transformations i s  completely l o c a l i z e d  within t h e  muscle 
c e l l ,  t h e  s o l u t i o n  of t h e  fundamental equation of k i n e t i c s  derived on t h e  bas i s  
of t he  proposed model, l eads  t o  t h e  single-component exponential curve of t h e  
increase i n  oxygen corsumption during muscular work: 

- twhere E V ~ 2i s  t h e  rate of oxygen consumption a t  any given t i m e  t after t h e  be
ginning o f  t h e  e f f o r t  ( s u b t r a c t i r g  t h e  value of oxygen consumption during rest); 

i s  t h e  level  o f  oxygen consumption i n  t h e  s t a t i o n a r y  regime of work; k i s  
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t h e  r a t e  constant o f  oxygen consumption during work; t t h e  t h e  of work; and e 
i s  t h e  base of n a t u r a l  logarithm. For cases  of muscular work involving t h e  
formation of oxidat ive subs t r a t e s  able t o  d i f f u s e  between t h e  phases of,meta- & 
b o l i c  space, t h e  so lu t ion  o f  t h e  corresponding system o f  d i f f e r e n t i a l  equations 
l eads  t o  t h e  two-component exponential expression f o r  t h e  curve of  oxygen con
sumption : 

where E?o2 i s  t h e  leve l  of t h e  s t a t i o n a r y  p g h e  o f  oxygen consumption f o r  
intramuscular ox ida t ive  transformations; E V ~ 2i s  t h e  l e v e l  o f  t h e  s t a t i o n a r y  
regime of oxyger. consumption f o r  oxidation of t h e  diffusirig metabol i tes  i n  t h e  
various phases of metabolic space; kl and k 2  a re  t h e  ra te  constarits f o r  t h e  re
spect ive f r a c t i o n s  of oxygen consumption. 

To descr ibe t h e  curve o f  oxygen consumption during the  per iod of recovery 
a f t e r  muscular work, t h e  following so lu t ions  are v a l i d  f o r  t h e  d i f f e r e r k i a l  
equation derived f r o m  t h i s  k i n e t i c  model of  oxygen exchange: 

1. For t h e  case when t h e  e n t i r e  cycle o f  oxidat ive transformation i s  com
p le t ed  within t h e  muscle i t s e l f :  

* twhere R V O  i s  t h e  leve l  of oxygen consumption a t  any time t a f t e r - t h e  end of t h e  
0
work ( sub t r ac t ing  t h e  value of t h e  oxygen consumption a t  res t ) ;  %VOz i s  t h e  

l e v e l  of oxygen consumption a t  t h e  i n i t i a l  t i m e  o f  t h e  recovery per iod ( t h i s  
l e v e l  equals V i z  a t  t h e  er.d of work); kt i s  t h e  rate constant of oxygen consump
t i o n  during recovery; t i s  t h e  t i m e  of recovery. 

2. For t h e  case where metabolites a b l e  t o  d i f f u s e  between t h e  phases a r e  
formed during t h e  exert ion:  

01 
where R V O i  i s  t h e  l e v e l  of oxygen consumption a t  t h e  beginning o f  recovery ( a t  ,/& 
t h e  er.d of work), corresponding t o  t h e  oxidation of  t h e  metabolites t ha t -had  
completed t h e  f u l l  cycle of transformation within t h e  working muscles; R V G z  i s  
the  l e v e l  of oxygen consumption a t  t h e  beginning of r e s t o r a t i o n ,  which corre
sponds t o  t h e  oxidat ive elimination of t h e  metabol i tes  t h a t  have diffused be
tweer, t h e  phases of metabolic space; k: and k; are t h e  rate cor,stants f o r  t h e  
comporent f r a c t i o n s  of oxygen consumption during t h e  per iod of recovery. 

Accordirig t o  most present  da ta  (Barr,  Himwich, 1926; London, 1932; Edwards, 
1934; Henry, 1956), t h e  most s u i t a b l e  candidate f o r  t h e  r o l e  o f  oxidat ive sub
strate a b l e  t o  d i f f u s e  between t h e  phases of  metabolic space i s  l a c t i c  acid,  
which i s  formed during t h e  g lyco ly t i c  reduction o f  oxides. I f  we assume t h a t  
t h e  oxidation of t h e  quan t i ty  or" l a c t i c  a c i d  formed durir?g work i s  i d e r k i c a l  
with t h a t  f r a c t i o n  of  t h e  working and recovery oxygen consumption which i s  de
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scr ibed by t h e  expression f o r  a d i f fus ing  metabolite, then t h e  designation of 
t h i s  f rac t ior .  o f  oxygen consumption as " lac ta te t t  oxidation by Marguerie e t  al .  
(1933) appears e r t i r e ly  j u s t i f i e d .  The o t h e r  f r a c t i o n  of oxygen consumption, 
not  conpected with t h e  oxidation of l a c t i c  ac id ,  w i l l  be termed r la lac t ic"  oxygen 
consumption. 

With t h e  object  o f  experimental v e r i f i c a t i o n  of t h e  proposed k i n e t i c  model 
of oxggerl exchange i n  t h e  human organism during muscular a c t i v i t y ,  w e  made 
s p e c i a l  s tud ie s  i n  which t h e  oxygen consumption during work and recovery was 
measured continuously, and blood samples f o r  determination o f  t h e  l a c t i c  a c i d  
l e v e l  were a l s o  taken continuously. 

Isometric exercises ,  running, o r  work on t h e  b i cyc le  ergometer, a t  t h r e e  
d i f f e r e n t  output l e v e l s ,  moderate, severe and exhausting, were used as t h e  t e s t  
s t r e s s .  Moderate s t r e s s e s  were considered t o  be exercises  i n  which no marked 
l a c t i c  ac id  formatior, w a s  observed; a t  t h e  end o f  t h e  exercise t h e  blood l a c t i c  
a c i d  l e v e l  d id  not exceed 20 - 70 mg%. The severe stresses included those  types 
of work i n  which formation of l a c t i c  a c i d  up t o  120 - 130 mg$ w a s  observed. Ex
hausting s t r e s s e s  involved extremely high accumulation o f  l a c t i c  ac id  i n  t h e  
blood, as a rule over 200 m&. The t i m e  of such exe rc i se  w a s  u s u a l l y l i m i t e d  
t o  2 - 3 X i D .  

On performing t h e  moderate exerc ise ,  t h e  oxygen consumption curve during 
work and recovery exac t ly  follows t h e  one-component exponential  r e l a t i o n ,  which 
i s  i n  s a t i s f a c t o r y  agreement with t h e  one-phase cha rac t e r  o f  oxidat ive conver
s ions  i r  t h e  working muscles, postulated i n  t h e  k i n e t i c  model. Under t h e s e  con
d i t i o n s ,  t h e  rate c o r s t a n t  of  oxygen consumption during work does not vary wi th  
inc reas ing  output l e v e l  of t h e  work, but t h e  rate constant o f  oxygen consumption 
during recovery i s  progressively slowed with increasing load. The rate constant 
of  working oxygen consumption f o r  moderate exercise  i s  6 - 14% g r e a t e r  than t h e  
corresponding value of t h e  rate constant o f  replenishing t h e  oxygen d e f i c i t .  No 
ex te r s ive  co r re l a t ion  seems t o  exist  between t h e  l e v e l  o f  t h e  s t a t i o n a r y  regime 
of oxygen consumption and t h e  ra te  constant of oxygen consumption during mode
r a t e  exercise.  

The r a t e  curve o f  oxygen consumption during strenuous exe rc i se  i s  d i s t i n c t 
l y  separated i n t o  two phases. The parameters of t h e  second, slow, component 
of oxygen consumption during work and recovery are c l o s e l y  l i nked  with t h e  cor
responding k i n e t i c  i n d i c e s  of t h e  blood l a c t i c  a c i d  level ,  t h u s  permit t ing iden
t i f i c a t i o n  of t h e  slow component with t h e  l a c t a t e  oxygen consumption. The rate 
constant of l a c t a t e  oxygen consumption during work i s  3 - 6 t i m e s  as slow as 
t h a t  of a l a c t a t e  oxygen consumptior,; during replenishing o f  t h e  oxygen d e f i c i t ,  
t h e  difference between t h e s e  constants  may reach a f a c t o r  of 30 - 50. With in
creasipg strenuousness of t h e  exercise ,  t h e  r a t e  constant o f  a l a c t a t e  oxygen 
consumption during work inc reases  i n  t h e  same way as during moderate exercise;  
t h e  constant of l a c t a t e  omgen consumption during work at first l ikewise  in
creases  with inc reas ing  i n t e n s i t y  of exer t ion,  but then begins t o  drop rapidly.  
During t h e  recovery per iod a f te r  heavg exercise ,  both constants  show a slowing 

. with inc reas ing  stress. There i s  a p o s i t i v e  c o r r e l a t i o n  between t h e  level of 
t h e  s t a t i o n a r y  regime o f  oxygen consumption and t h e  rate constant o f  a l a c t a t e  
oxygen consumption during work, but this co r re l a t ion  i s  absent f o r  t h e  rate con
s t a n t  of working l a c t a t e  oxygen consumption, and for both constants  during t h e  

27 



recovery period. 

I n  exhausting exercise,  d e s p i t e  t h e  accumulation of considerable amounts o f  
l a c t i c  a c i d  i n  t h e  working muscles, t h e  curve o f  working oxygen consumption no 
longer contains  two components; t h e  k i n e t i c s  o f  oxygen consumption i s  here char
ac t e r i zed  by only  a s i n g l e  rate constant. This rate constant i nc reases  with 
s e v e r i t y  o f  t h e  exercise,  but a t  mini”  i n t e n s i t y  of t h i s  type o f  stress it  /L5
i s  t h r e e  t imes as slow as t h e  constant of a l a c t a t e  oxygen corisumption a t  t h e  
maximum l oad ,  where t h e  curve does separate  i n t o  two components. During t h e  re
covery per iod a f t e r  exhausting exercise ,  as i n  t h e  case o f  strenuous exerc ise ,  
t h e  oxygen consumption curve i s  d i s t i n c t l y  separated i n t o  two phases. The rate 
of replenishing o f  t h e  slow f r a c t i o n  o f  t h e  oxygen d e f i c i t  exac t ly  r e f l e c t s  t h e  
value f o r  t h e  k i n e t i c  constants  of t h e  curve of l a c t i c  a c i d  elimination. I n  ex
hausting exercise ,  t h e  r a t e  constant of  l a c t a t e  oxygen consumption shows a posi
t i v e  co r re l a t ion  with t h e  ind iv idua l  maxi” of  oxygen consumption. 

The above-discussed regularit ies i n  t h e  v a r i a t i o n s  of t h e  k i n e t i c  parame
ters of t h e  oxygen consumption curve i n  strenuous muscular work can be explaired 
by t h e  known laws on t h e  r egu la to ry  i n t e r r e l a t i o n s  of  t h e  processes of aerobic 
and anaerobic c e l l u l a r  exchange, and by t h e  f e a t u r e s  o f  t h e  c i r c u l a t o r y  shifts 
a t  extreme muscular stress. 
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INFLUENCE OF VAEIATION I N  THE MYOCARDIAL OXYGEN PRESSURE 
ON THE CONTRACTILE FUNCTION OF THE MYOCARDIUM 

I N  RESPIRATION UNDER EXCESS PhESSURE 

V.G.Vo1oshj.n and V.A.Degtyarev 
~ o s c o w  

I n  acu te  experiments on dogs made t o  i n h a l e  oxygen under excess pressure w e  
simultaneously recorded: pOa of t h e  myocardium by t h e  polarographic method, t h e  
coronary blood flow according t o  Neuens, t h e  kinetocardiogram (KCG) ,  t h e  seismo
cardiogram (SCG), t h e  electrocardiogram (ECG), t h e  ar ter ia l  p re s su re  i n  t h e  
ca ro t id  ar tery (AP), and t h e  pneumogram, 

On r e s p i r a t i o n  under excess pressure o f  200 mm w.c., t h e  p02 o f  t h e  myo
cardium inc reases  o r  decreases during t h e  f i r s t  20 - 30 sec ( f i r s t  phase). The 
amplitude o f  t h e  elements of  t h e  KCG and SCG decreases. T h i s  decrease i s  more 
rapid t h a r  t h e  f luc tua t ion  o f  t h e  curve on t h e  polarogram and i n  time approaches 
t h e  decrease i n  t h e  coronary blood flow. 

Respiration under excess pressure o f  LOO mm W.C. i n  t h e  f irst  phase i s  al
ways accompanied by a decrease i n  q o c a r d i a l p O z .  The decrease i n  t h e  ra te  of 
t h e  coronary flow and i n  t h e  amplitude of t h e  elements of t h e  KCG and SCG i s  
more pronounced. The r e s u l t a n t  contract ion of t h e  mechanical s y s t o l e  r e l a t i v e  
t o  t h e  e l e c t r i c  s y s t o l e ,  t o g e t h e r  with t h e  considerable decrease i n  t h e  pulse  
pressure,  car. be evaluated as s igns  of t h e  decrease i n  t h e  c o n t r a c t i l e  power of 
t h e  myocardium. 

A t  good adaptat ion t o  r e s p i r a t i o n  under excess pressure,  phase I1 sets i n  
within 20 - 30 sec. During t h i s  phase, t h e r e  i s  a p a r t i a l  recovery i n  t h e  flJ 
l e v e l  of coror,ary flow and, t o  a s l i g h t l y  l e s s e r  ex ten t ,  of t h e  myocardialpOz. 
The amFlitude of t h e  elements of  t h e  KCG and SCG inc reases  above t h e  o r i g i n a l  
leve l .  The inc rease  i n  amplitude of t h e  first sound i n  most of t h e  experiments 
i s  p a r a l l e l  t o  t h e  coronary flow. 

Analyses of t h e  ind ices  o f  t h e  polarogram, t h e  coronary flow, t h e  SCG, KCG,  
ECG, AP, and pneumogram permit pos tu l a t ing  t h a t  t h e  reason f o r  t h e  p a r t i a l  re
covery o f  t h e  c o n t r a c t i l e  func t ion  of the  myocardium i n  phase I1 o f  r e sp i r a t ion  
under excess pressure,  toge ther  with t h e  inc rease  i n  coronary flow may l ikewise 
l i e  i n  t h e  increased oxygen consumption by t h e  h e a r t  muscle. 

Soon a f t e r  phase 11, i n  r e s p i r a t i o n  under s t i l l  g r e a t e r  excess pressure,  
phase I11 sets in .  This phase i s  character ized by a brief s t a b i l i z a t i o n  of t h e  
polarogram, followed by an undulating decline. T h i s  i s  accompanied by a pro
gressive decrease in t h e  amplitude of t h e  KCG and SCG. 

On t r a n s i t i o n  t o  r e s p i r a t i o n  under normal pressure,  t h e  myocardial pO? and 
t h e  coronary flow i nc rease  above t h e  o r i g i n a l  level  and gradual ly  r e t u r n  t o  
normal. The sharp r e s p i r a t o r y  arrhythmia o f  t h e  h e a r t  i s  accompanied by am al
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t e rna t ion  of cardiac cycles,  with high and low kinemia. The sense of t h e  ampli
tudes o f  both SCG apd KCG, during this period, i s  usually i n  oppos i te  direc
t ions .  



._.. .... , . .. 

MOTOR HYPOXIA 

A. B .Gandel'sman 
(Department of  Physiology, I n s t i t u t e  o f  Physical  

Cul ture  imeni P.F.Lesgaft, Leningrad) 

I n  t h i s  paper, on t h e  basis of many years of personal research and of li
t e r a t u r e  da ta ,  an attempt i s  made t o  s e t t l e  t h e  question o f  hypoxic states dur
i n g  muscular work, t h e i r  v a r i a t i o n  with i n c r e a s e  i n  a t h l e t i c  t r a i n i n g ,  and t h e  
adaptation of athletes t o  hypoxia under s t r e s s e d  (repeated)  exertion. 

The da ta  obtained i n  t h i s  research d i sc losed  a number o f  f ea tu re s ,  which 
essectially d i f f e r e n t i a t e  motor hypoxia from o t h e r  hypoxic states. Motor hy
poxia arises p r imar i ly  under normal atmospheric pressure i n  heal thy subjects ,  
f o r  example. i n  t r a i n e d  athletes,  and t o  an extent  t h a t  i s  g r e a t e r  t h e  g r e a t e r  
t h e  degree of  t r a i n i n g  and t h e  g rea t e r  t h e  physical  f i t n e s s .  This disorder  i s  
created a t  elevated oxygen consumption and i s  only  relative,  s i n c e  t h e  insuf
f i c i e n t  oxyger supply during work takes p l ace  only re la t ive t o  t h e  instantaneous 
oxygen demand. The simultaneous hypercapnia has an important adapt ive s i g n i f i 
carce. k c h a r a c t e r i s t i c  f e a t u r e  o f  motor hypoxia i s  t h e  p o s s i b i l i t y  of "con
t r o l l i n g "  it during voluntary motion, and of f i x i n g  t h e  magnitude of t h e  hypoxic 
shifts desired a r d  t h e  t i m e  of t h e i r  act ion.  This permits t h e  use of  motor hy
poxia as a na tu ra l  st imulus t o  cause progressive changes i n  t h e  orgapism, lead
i c g  t o  ar. exparsion of t h e  funct ional  c a p a b i l i t i e s  of t h e  organism and help 
ir. overcorrirg fa t igue.  

Various modifications of  t h e  methods o f  bloodless oxyhemography, i n  com
binat ion with t h e  method of  gas ana lys i s  and o t h e r  methods, during high and pro
lor.ged l abora to ry  stresses and c e r t a i n  a t h l e t i c  s t r e s s e s ,  made it poss ib l e  t o  
e s t a b l i s h  marked a r t e r i a l  hypoxemia (12 - 16% o r  more below i n i t i a l  l e v e l )  and 
i n  many experiments a l s o  a d i s t i n c t  excess o f  post-exercise r e s p i r a t o r y  m e t a 
bolism over i t s  l e v e l  during work. 

A number of  conditions o f  muscular work, c h a r a c t e r i s t i c  o f  modern a t h l e t i c  
t r a i n i n g ,  were simulated by us  i n  t h e  labora tory  ( f o r  example, using t h e  re
s t r i c t i o n  of pulmonary ae ra t ion ,  etc., c h a r a c t e r i s t i c  f o r  var ious forms of  mo
t i o n )  and a l s o  i n  experiments under conditions c l o s e  t o  those of n a t u r a l  t r a i n 
ing. W e  s tudied high-stress work on t h e  exe rc i se  bike,  simulated diving, heavy 
exert ion i n  5O&m swi"ir.g under water i n  a scuba o u t f i t ,  complex muscular act
i v i t y  on gymnastic exe rc i se r s ,  etc.  

Experimects i n  determining t h e  p a r t i a l  oxygen pressure i n  t h e  alveolar a i r  
during development of motor hypoxemia have shown almost complete agreement as 
t o  t h e  extent  o f  hypoxemia with t h e  decrease i n  p a r t i a l  oxygen pressure,  i n  
accordance with t h e  c l a s s i c a l  r a t i o  expressed i n  t h e  Barcroft  curve on t h e  char
a c t e r i s t i c s  of colicomitant hypercapnia. I n  a ser ies  of experiments on par t icu
la r ly  strenuous and prolonged work, t h e  hypoxemic shift exceeded by several per
cent t h e  value corresponding t o  t h e  p a r t i a l  oxygen pressure i n  t h e  alveolar /50
air .  An a r t i f i c i a l  i n c r e a s e  i n  a e r a t i o n  and i n h a l a t i o n  of pure oxygen d i d  not  



elimipate t h i s  hypoxemia, which ind ica t e s  t h e  covsiderable s ign i f i cance  o f  
arteriovenous anastomosis i n  t h e  lesser c i r c u l a t i o n ,  which f a c i l i t a t e s  t h e  work 
of t he  r i g h t  heart .  The higher  t h e  degree o f  t r a i n i n g  of t h e  a t h l e t e s  ar.d t h e  
more work they had done, t h e  more pronounced w a s  t h e i r  hypoxemia. I n  untrained 
sub jec t s ,  even minor hypoxemic shifts had a sharp e f f e c t  on various aspects  of 
motor a c t i v i t y  ( t h e  d i f f e rences  were s t a t i s t i c a l l y  substant ia ted) ,  while cofisid
erably g r e a t e r  hypoxemic s h i f t s  i n  t r a i n e d  a thletes  caused only s l i g h t  charges 
i n  motor a c t i v i t y  ( t h e  s h i f t s  were not s t a t i s t i c a l l y  reliable). 

Systematic a t h l e t i c  t r a i n i n g ,  under ordinary conditions a t  sea  l e v e l ,  l eads  
t o  a high degree o f  adaptation t o  hypoxia, which records w e l l  i n  extrerr,e hyFoxic 
tests comprising r e t en t ion  o f  breath,  r e sp i r a t ion  i n  a closed space, inhalat ioL 
of  a gas mixture with a low p a r t i a l  oxygen pressure,  and so on. Athletes 
t r a ined  under prolonged and excessive stress showed t h e  highest  degree of adap
t a t i o n  t o  hypoxia. They exhibi ted s u b s t a n t i a l  differences i n  t h i s  respect,  de
pending on t h e  s t age  of t r a i n i n g :  t h e  more advanced this s tage ,  t h e  more pro
nounced w a s  t h e i r  adaptat ion t o  hypoxia ( t h e  differences were s t a t i s t i c a l l y  re
l i a b l e  ). 

Oxygen insu f f i c i ency  i s  pr imari ly  co r re l a t ed  with t h e  degree of s t r a i n  of 
t h e  muscular functions,  and with t h e  frequency and l e v e l  o f  t h e  stress. I n  
many cases  ( f o r  not very strenuous work and f r e e  resp i ra t ion) ,  no a r t e r i a l  hypo
oxemia t akes  place; here,  an oxygen d e f i c i t  occurs a f t e r  t h e  end of t h e  work, /51 
i n  t h e  form of regional  hypoxemic shifts, which var iously i n t e r a c t  durir;g t h e  
course of work, both i n  t i m e  and i n  t h e  s i z e  of t h e  s h i f t s ,  c r ea t ing  a dynamic 
*"osaic" of hypoxemic processes i n  var ious p a r t s  of  t h e  body. 

A s u b s t a n t i a l  oxygen d e f i c i t  i s  created i n  relative hypoventilation con
nected with some forms of motor a c t i v i t y .  The more strenuous t h e  work and t h e  
longer i t s  duration, t h e  g r e a t e r  w i l l  be t h e  e f f e c t  on t h e  magnitude of t h e  
hypoxemic s h i f t  by even a b r i e f  ( 2  - 3 s e c )  holding of t h e  breath,  o r  a b r i e f  
r e s t r i c t i o n  of pulmonary aerat ion.  

Obviously, changes i n  t h e  lesser c i r c u l a t i o n  and biochemical s h i f t s  i n  t h e  
blood and t h e  working muscles have a major i n f luence  on t h e  appearance o f  hypo
oxemic s h i f t s  i n  muscular work. 

The author  gives h i s  opinion on t h e  poss ib l e  physiological  mechanism of 
motor hypoxia a r d  considers c e r t a i n  aspects  of t h e  regulat ion of oxygen exchange 
during voluntary humar! motor a c t i v i t y .  
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POSSIBLE 1E;CHAh’ISKS OF L O W I N G  OF THE BRAIN METABOLISH /52
IK OXYGEN WANT OF THE ORGANISM 

S.V. G a s t  eva and D.A. Chetverikov 
( I n s t i t u t e  of Physiology imeni I.P.Pavlov, 

USSR Academy of Sciences, Leningrad) 

It  i s  w e l l  known t h a t  i f  t h e  oxygen supply t o  t h e  brain t i s s u e  i s  insuf
f i c i e n t ,  t h e  phospholipide metabolism i s  lowered. It was of i n t e r e s t  t o  analyze 
t h e  mechanism o f  this lowering under general  oxygen want o f  t h e  organism. 

White rats were placed f o r  two hours i n  an a l t i t u d e  chamber, i n  which t h e  
pressure w a s  reduced t o  2LO o r  180 mm Hg. The rate of t h e  phospholipide meta
bolism of  t h e  cerebral  co r t ex  w a s  judged from t h e  rate of incorporat ion of  radio
a c t i v e  i ro rgan ic  phosphate, measured by t h e  re la t ive s p e c i f i c  r a d i o a c t i v i t y  ( R S R )  
of t h e  phosphorus of t h e  t o t a l  phospholipides of  t h e  brain t i s s u e .  

A simulated a l t i t u d e  o f  240 rrm Hg induced a 31% &OF i n  t h e  RSR o f  t h e  
phosrholiFides (3 and a drop o f  53% a t  a vacuum of 180 mm Hg. The -ectal  temper
a t u r e  f e l l  5.2 and 1 0 . l o C ,  respectively.  Since it i s  w e l l  known t h a t  hypo
thermia i n  i t s e l f ,  even a t  atmospheric pressure,  depresses a number of metabolic 
processes i n  t h e  brain t i s s u e ,  t h e  question a r i s e s  as t o  what extent  t h i s  de
crease ir! t h e  phospholipide metabolism of t h e  b ra in  was due t o  t h e  oxygen want 
of t h e  brain t i s s u e  r e s u l t i n g  from t h e  low oxygen content of t h e  surrounding 
medium, and t o  what extent  it w a s  merely due t o  hypoxia accompanying t h e  hypo
thermia. 

If t h e  body temperature of  rats i n  t h e  a l t i t u d e  chamber a t  240 mm Hg w a s  
held a t  t h e  n o r m a l  l e v e l  by a r t i f i c i a l  heating, no decrease i n  t h e  metabolic /53
rate was observed, but t h e  m o r t a l i t y  r a t e  of t h e  rats i n  t h e  a l t i t u d e  chamber 
increased sharply. On t h e  o t h e r  hand, when rats a t  t h e  same pressure were ar t i 
f i c i a l l y  cooled, causing an average drop of 1 3 . 3 O C  i n  r e c t a l  temperature, a 
g r e a t e r  lowering of t h e  phospholipide metabolism i n  t h e  b r a i n  (by 64.5%) re
su l ted .  

A comparison of  a l l  results showed: F i r s t ,  a t  equal barometric pressure,  
t h e  dec l ine  i n  t h e  phospholipide metabolism o f  t h e  brain depends on t h e  depres
s i o r  of t h e  r e c t a l  temperature; second, a t  t h e  same depression o f  r e c t a l  temper
a t u r e ,  t h e  RSR of  t h e  b ra in  phospholipides o f  rats, kept a t  var ious barometric 
pressures ,  was t h e  same. An a n a l y s i s  of  t h e  data  s c a t t e r i n g  suggests t h a t  t h e  
ESE of t h e  brain phospholipides i n  rats, subjected t o  a lower barometric pres
sure,  depends with s t a t i s t i c a l  r e l i a b i l i t y  (P < 0.05) on t h e  body temperature of 
t h e  arimal and i s  independent of t h e  p a r t i a l  oxygen p res su re  i n  t h e  surrounding 
m e d i u m .  

The immediate cause o f  t h e  depression i n  t h e  metabolism o f  t h e  brain phos
pholipides i n  oxyger! want o f  t h e  organism apparent ly  i s  not  so much t h e  decrease 
i n  t h e  p a r t i a l  oxygen pressure  i n  t h e  b ra in  t i s s u e  i t s e l f  as t h e  drop i n  blood 
temperature a r d  thus  a l s o  o f  t h e  brain temperature. Presumably, t h i s  hypo
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thermia, induced by t h e  oxygen want o f  t h e  organism, i s  t h e  bas i c  f a c t o r  i n  t h e  
depression o f  t h e  biochemical systems responsible  f o r  t h e  s y r t h e s i s  of phos
pholipides. 

The sharp r i s e  i n  t h e  m o r t a l i t y  rate of animals under reduced barometric 
pressure,  when t h e  body temperature w a s  a r t i f i c i a l l y  maintained a t  t h e  ~ o m l/54 
l e v e l ,  gives grounds f o r  t h e  assumption t h a t  t h e  hypothermia induced by oxygen 
want of t h e  organism i s  of a p ro tec t ive ,  adapt ive nature. 
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hE�XJIATIObi OF TISSUE OXYGENATION BY ERYTHROCYTES /55 
F .I.Gimmerik h 

(Kirgizian I n s t i t u t e  o f  Regional Medicine, 
USSR Academy o f  Medical Sciences, Frunze) 

The regulat ion of  oxyger. release by t h e  erythrocytes p l ays  an important 
r o l e  i n  t h e  regulation of t h e  oxygen regime o f  t h e  body ( t h e  uptake o f  oxygen by 
erythrocytes  i n  t h e  lungs usua l ly  requires no regulat ion i n  view o f  i t s  exceed
i r g l y  high r a t e ) .  The problem i s  e s s e n t i a l l y  t h a t  of i nc reas ing  t h e  percentage 
of oxygen giver, up i n  t h e  c a p i l l a r i e s ,  making it poss ib l e  t o  maintain a high 
p a r t i a l  oxyger. pressure over a r a t h e r  long segment o f  t h e  c a p i l l a r y ,  a result 
thus eauivalent t o  inc reas ing  t h e  supply o f  oxygen t o  t h e  t i s s u e s ,  i n  replace
ment of i r s p i r a t i o n  of a d d i t i o n a l  oxygen. 

A s  f a r  back as t h e  T h i r t i e s ,  we and o u r  a s s o c i a t e s  were able t o  demonstrate 
t h a t  a lyco lys i s  ir .  erythrocytes  i s  a powerful a c t i v a t o r  of t h e i r  r e l ease  of oxy
gen, a t t r i b u t a b l e  pr imar i ly  t o  t h e  decrease i n  t h e i r  pH. A lowering of t h e  pH 
of t h e  rfplasma", a t  simultar,eous glycolysis  i n  t h e  erythrocytes,  w i l l  not ac
c e l e r a t e  t h e  r e l ease  of  02 by t h e  erythrocytes ,  but r a t h e r  w i l l  decrease it be
cause o f  t h e  simultaneous reduction of glycolysis .  

Fie a l s o  showed t h a t  t h e  extent  o f  g lyco lys i s  i n  t h e  erythrocytes  (hemogly
c o l y s i s )  i s  subject  t o  t h e  inf luence of s e v e r a l  hormones (confirming t h e  l i t e r a 
t u r e  da t a  ir :  p a r t  and con t r ad ic t ing  them i n  p a r t ) :  i n j e c t i o n s  o f  i n s u l i n ,  c o r t i n ,  
and cortis0r.e i nc rease  hemoglycolysis, while  i n j e c t i o n s  of ad rena l ine  decrease 
it. Therefore,  i t  must be assumed t h a t  t h e  r e l e a s e  of 02 by t h e  erythrocytes  i s  
regulated by t h e  neuroendocrine system. It i s  poss ib l e  t o  improve t h e  02 re
l e a s e  by t h e  erythrocytes  over t h e  intermediary of hormones o r  by i n t e n s i f y i n g  
t h e  fur.ctior. o f  t h e  respect ive endocrine glands. This i s  accomplished, for /56
t h e  irsular apparatus and t h e  cortex of  t h e  adrenals ,  by physical  t r a in ing .  

According t o  preliminary da t a ,  t h e  decomposition of bicarbonates by t h e  
carboanhydrase of t h e  erythrocytes  i n t e n s i f i e s  t h e i r  oxygen r e l ease ,  which ap
p a r e c t l y  cap. be explained by t h e  release o f  C O Z  f r o m  t h e  bicarbonate. Results 
obtained by us  as long ago as 1937 suggest t h e  p a r t i c i p a t i o n  o f  carboanhydrase 
i r ,  t h e  d i s soc ia t ion  of oxyhemoglobin. This  w a s  l a t e r  confirmed by o t h e r  authors.  

I n  s t i l l  uncomplete experiments, w e  found t h a t  t h e  a c t i o n  o f  cold, i n  t h e  
form o f  a shower o r  ba th ,  markedly inc reases  t h e  i n t e n s i t y  o f  hemoglycolysis. 
Acparently, this ac t ion  i s  a l s o  mediated by t h e  neuroendocrine system. 

A s h i f t  i r ,  t h e  d issoc ia t ior .  curve o f  oxyhemoglobin t o  t h e  r i g h t  ( i n t ens i 
f i e d  oxygen output) ,  as ind ica t ed  i n  t h e  l i t e r a t u r e ,  seems t o  be produced by 
coqounds such as t h e  reduced glutathione o f  t h e  erythrocytes and by ascorbic  
acid. 

Our own f indings,  and data obtained i n  col laborat ion with M.M.Mirrakhim0-J 
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ar,d his coworkers, i n d i c a t e  t h a t  several vitamins o f  t h e  B group a c t  favorably 
on t h e  f a c t o r s  i n t e n s i f y i n g  oxygen release by erythrocytes.  Thus, n i c o t i n i c  
ac id  i r c r e a s e s  hemoglycolysis i n  e x p e r k e c t s ;  i n  c l i n i c a l  p rac t i ce ,  intravenous 
i r j e c t i o n  inc reases  not on ly  t h e  hemoglycolysis but  a l s o  raises t h e  level  of re
duced g l u t a t h i o r e  and a l k a l i n e  reserve of t h e  blood. 

1nJectior.s  of vitamin Ei2 have t h e  same e f f e c t .  The blood hemoglobin level  
fa l ls  which, according t o  o u r  da t a ,  does no t  mean an increased f l u i d i t y  of t h e  
blood but r a t h e r  t h e  t r a n s f e r  o f  some of t h e  erythrocytes  i n t o  reserves  of t h e  
orgar.ism, due t o  an inc rease  of t h e  oxygen-releasing c a p a b i l i t y  o f  each indivi
dual erythro cyt e. 

In Jec t ions  of pyridoxine and thiamine, as w e l l  as t h e  use of diathermy i n  
the  region of t h e  s o l a r  plexus,  increased t h e  energy of hemoglycolysis i n  /57
pa t i en t s .  Thiamine exerts a similar inf luence,  not  only i n  i n j e c t i o n s  but a l s o  
i n  experiments. 

According t o  ou r  da ta ,  hemoglycolysis and i t s  products such as l a c t i c  and 
pyruvic a c i d s  ( i n  t h e  form of t h e  sodium salts) inc rease  t h e  dehydrating func
t i o n  of t h e  carboanhydrase o f  t h e  erythrocytes,  suggesting an in t ima te  correla
t i o n  between glycolysis  and t h e  function o f  carboanhydrase. By formir,g t h e  ar
ions of l a c t i c  and pyruvic ac ids ,  hemoglycolysis apparently e s t ab l i shes  t h e  op
t i m u m  cor.ditions f o r  t h e  funct ion o f  carboanhydrase, which thus  p a r t i c i p a t e s  not 
only i n  t h e  oxygen but a l s o  i n  t h e  COzexchange. Thus, l a c t i c  and pyruvic a c i d s  
play a dual ro l e :  Their hydrogen ions  i n t e m i f y  t h e  d i s soc ia t ion  of oxyhemo
globin, while t h e i r  anions i n t e n s i f y  t h e  a c t i v i t y  of  t h e  dehydrating function 
of carboarhydrase. 

Intravenous i n j e c t i o n  of glucose l eads  t o  aT; i n t e n s i f i c a t i o n  of hemoglyco
l y s i s ,  so t h a t  one could regard glucose therapy as an oxygen therapy. 

Thus, w e  have found a considerable number of f a c t o r s  with favorable ac t ion  
- regulat ion and c o r t r o l  - on t h e  oxygen regime o f  t h e  body, i n t e n s i f y i n g  t h e  
oxyger, r e l e a s e  by erythrocytes  i n  t h e  c a p i l l a r i e s .  All c o n s t i t u t e  means of pro
phylaxis and control  of h y p o s a  (of  course, with t h e  exception o f  i t s  h i s to tox ic  
form). 

I n  dogs, a t  various e l eva t ions  above sea  l e v e l ,  hemoglycolysis plays a 
d e f i n i t e  r o l e  i n  t h e  biochemical mechanisms of adaptat ion t o  t h e  high mountains, 
i .e. ,  i nc reas ing  t h e  energy o f  t h e  animal body. The concentration of reduced 
glutathione i s  a l s o  increased a t  3200 m above sea level,  confirming t h e  results 
of M.N.Sirotina and o t h e r  authors.  
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COKTEIBUTION TO THE QUESTION OF THE METHODS O F  ME;ASURING 
TKE E"MINUl4 GXYGEN CONSUMPTION 

B.S.Gippenreyter and E.A.Natveyeva 
(Central  F'esearch I n s t i t u t e  f o r  Physical  Culture. 

Chief, Department of Physiology of Sports: 
Professor  A.V.Korobkov, MD, Moscow) 

The determination of t h e  phys ica l  f i t n e s s  o f  athletes has long been o f  in
t e r e s t  t o  researchers  i n  t h e  physiology and medicine of spor t s .  Measurements 
of t h e  m a x i m u m  oxygen consumption (NOC) during extreme stress, depending on t h e  
furlctional s t a t e  o f  t h e  so-called !'oxygen system" o f  t h e  human organism, are 
widely used f o r  t h i s  purpose. 

The bas i c  f e a t u r e  of many o f  t h e  described methods o f  determining t h e  MOC 
i s  t h e  one-gas apalysis of t h e  a i r  exhaled during exercise.  The methods d i f f e r  
i n  t h e  procedure used t o  overcome t h e  funct ional  i n e r t i a  of t h e  ind iv idua l  com
ponents o f  t h e  "oxyger! system", and a l s o  i n  t h e  cha rac t e r  and durat ion of t h e  
Fhysi c a l  exercise.  

I n  t h i s  paper, we a r e  giving experimental da t a  on MOC, which were not de
telmired a t  t h e  time of extreme s t r e s s  but immediately after it, durir.g a 3 G s e c  
period of oxygen recovery. 

The sub jec t s  were top  a t h l e t e s ,  members of t h e  USSR swimming team a t  t h e  
Tokyo Olympic Games o f  October 1964 ( s e e  Table 1). 

The Table ind ica t e s  t h a t  t h e  NOC of t h e  female athletes reached fou r  l i t e r s  
of oxygen Fe r  minute, and t h a t  of t h e  boys over six l i t e r s .  The highest  values 
were not obtained during work on t h e  b i cyc le  ergometer but  a f t e r  fou r  50-meter 
s w i m s ,  with 15-sec rest periods.  

However, it i s  not t h e  absolute  values  of t h e  NOC t h a t  a re  of g rea t e s t  in
t e r e s t  but t h e i r  values p e r  kilogram of body weight, s i n c e  i n  some cases l o w  
absolute  values of t h e  MOC give higher values  f o r  t h e  o q g e n  consumption p e r  
kilogram of weight. 

Cor.c lusions 

1. The most complete mobilization of a l l  components o f  t h e  "oxygen system" 
of a t h l e t e s  i s  a t t a i n e d  i n  physical  exe rc i se s  t h a t  are s p e c i f i c ,  r e l a t i v e  t o  co
o r d b a t i o n  s t r u c t u r e  and work of extreme i n t e n s i t y .  

2. Functional s h i f t s  o f  extreme i n t e n s i t y  of t h e  p r i n c i p a l  components of 
t h e  "oxygen system" a r e  maintained f o r  30 s e c  of t h e  oqygen recovery period. 

3. It may be t h a t  t h e  s p e c i f i c  physical  exercises  a c t i v a t e  t h e  u t i l i z a t i o n  
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of  oxygen by t h e  muscle t i s s u e  because of optimum mobilization - under given 
conditions - of  the  funct ions of oxygen exchange i n  t h e  e n t i r e  system tha t  regu
l a t e s  t he  consumption of  oxygen i n  t h e  body. 

TABLE 1 

YAXIMUM OXYGEN C O N S W P T I O N  OF S ” l 4 B ? S ,  IO”ERS OF T H E  
USSR S~~TMKINGTEAM (mx”BY TWO PZTHODS) 

Date WC during Work HOC within 36 sec  
Name of on Veloergometer after L x  5G Meter Laps 

Bir th  ibsolute Der kl: ibsolute per kf3 

Karetn ikov 
Saf ronov 
Berezin 

Kreys 

Tutakayev 
Prokopenko 

Fot in  
Paramonov 

Semchenkov 

Mazanov 

G i r l s  
Devyatova 
Babanina 

Bystro m  

~ .~ 

1942 4.857 51.481 6.169 72.290 

1944 5.018 72.509 4.899 72.90 
1941 4.534 56.322 6. I73 76.68ci 

1944 4.164 56.349 5.670 74.1 I7 

1943 5.19 77.462 

1937 6.219 83.4ao 

1945 5.611 67.368 6.369 78.629 

I942 3,396 49.217 6.295 90.706 
5.920 67.70 
4.770 68.826 

1948 4.390 73.200 

I943 3.986 59.670 4.224 65.00 

i947 3.253 49.I32 3.300 52.800 



CORTICO-SUBCOETICAL INTEEiRELATIONS I N  HYPOXIA /61 
Ye.L.Golubeva and S.N.Khayutin 

(Laboratory f o r  Humar ,  Embryogenesis, I n s t i t u t e  
of O b s t e t r i c s  and Gynecology, USSE Ministry of 

Health; Director:  N.I.Ivanov, Camlidate 
i n  Medical Sciences, Moscow) 

The e f f e c t  of brief hypoxia on t h e  e l e c t r i c  a c t i v i t y  of t h e  sensorimotor, 
p a r i e t a l ,  temporal and o c c i p i t a l  cortex, t h e  subs t an t i a  r e t i c u l a r i s  of t he  mes
encephalon, and on va r ious  nuc le i  of t h e  thalamus, hypothalamus and hippocampus, 
was s tud ied  i n  acu te  experiments on narcot ized rabbi ts .  A s  t h e  electroencephalo
gram (EEG) index of a c t i v i t y  of t hese  s t r u c t u r e s ,  w e  s e l ec t ed  t h e  f i r s t  appear
ance of t h e  slow regular rhythm, 4 - 7 per  sec,  which according t o  A.N.Shhl ina 
(1958, 1959) cha rac t e r i zes  t h e  state of stress of t he  orgarism s e t  up during 
b i o l o g i c a l l y  unfavorable r e a c tions. 

I t  was shown t h a t  b r i e f  i nha la t ion  o f  a hypoxic mixture (7.5% 0 2  i n  Nz) 
induces, i n  a l l  i nves t iga t ed  s t r u c t u r e s ,  an EEG react ion of ac t iva t ion ,  namely, 
t h e  appearance of t h e  slow regular  rhythm Ir - 7 p e r  sec. The reaction of a c t i 
vation i s  r eg i s t e red  pr imar i ly  i n  t h e  subcor t i ca l  s t r u c t u r e s ,  f i r s t  i n  t h e  re
t i c u l a r  formation of t h e  mesencephalon and then ,  a f t e r  0.5 - 3 sec ,  i n  t h e  cere
b r a l  cortex. These da t a  permit t h e  conclusion t h a t  t h e  meseccephalic r e t i c u l a r  
formatiop plays a dominant r o l e  i n  t h e  react ion of  t h e  cer , t ra l  r,ervous system 
t o  hypoxia. 

The deeper hy-poxia caused by t h e  i n h a l a t i o n  of a mixture contair5r.g 5% o f k 2  
0 2  and N 2  (under rormal pressure of C O Z )  i s  character ized by t h e  apFearar.ce of 
s low,  high-amplitude, polymorphous EEG waves which a r e  most d i s t i r ( c t1y  and 
sharply expressed i n  t h e  ce reb ra l  cortex. 

I n  t h e  thalamus apd r e t i c u l a r  s t r u c t u r e s  they  are l e s s  d i s t i n c t .  These 
da t a  cor.firm t h e  ger.erally accepted v i e w  t h a t  t h e  cerebral  cor tex i s  the  most 
suscep t ib l e  t o  depressive inf luences i n  deep hypoxia. 

I n  t h e  second s e r i e s  of experiments we compared t h e  react ion t o  hypoxia 
with t h a t  t o  a pa ip fu l  s t imulus under t h e  conditions of amirase action. W e  
found t h a t  t h e  ac t iva t ior ,  react ion t o  hypoxia p e r s i s t s  a f t e r  cessatior, of a c t i 
vation and response t o  pain. T h i s  means t h a t  t h e  hypoxic r eac t ion  i s  not 
blocked by aminase, o r  i s  blocked considerably less than t h e  pain reaction. 
These da t a  seem t o  i n d i c a t e  t h a t  t h e  r eac t ion  t o  hypoxia ar,d t h e  pain r eac t ion ,  
which have almost t h e  same manifestation, are i n  f a c t  completely d i f f e r e n t  i n  
b io log ica l  qual i ty  and ev iden t ly  use d i f f e r e n t  paths  of exc i t a t ion  i n  t h e  
c e n t r a l  nervous system. 



SOYE EZCHANISMS OF FLFGULATION OF THE RESPIRATORY SURFACE /63
Or" THX BLOOD I N  COAWECTION WITH OXYGIN INSUFFICIENCY 

L.S.Gorozhanin 
(Department of Normal Physiology, Medical I n s t i t u t e ;  

Hector: V.V.Kulemin, Candidate i n  Medical 
Sciences, Ivanovo) 

The i r c r e a s e  i n  t h e  r e s p i r a t o r y  su r face  o f  t h e  blood on account c f  t h e  in
c rease  i n  t h e  pumber o f  erythrocytes  i s  wel l  known and i s  ar, important f a c t o r  
i r  t h e  adaFtation o f  t h e  organism t o  t h e  condi t ions o f  oxygen insufficiency. 
Acc0rdir.g t o  present da t a ,  t h e  decrease i n  t h e  p a r t i a l  oxygen pressure stimu
l a t e s  t h e  a c t i v i t y  of t h e  blood-system, mediated by complex neurohumoral mecha
rims. Ir p a r t i c u l a r ,  under t h e  act ion of acu te  hypoxia, t h e  most importark 
f a c t o r  i s  corsidered t o  be t h e  r e f l e x  mechanism of erythrocyte  r e d i s t r i b u t i o n ,  
t h e  a f f e r e r t  F a r t  of which comprises t h e  chemoreceptors of t h e  c a r o t i d  sinuses,  
while t h e  e f f e r e r t  p a r t  ( e f f e c t o r )  i s  t h e  spleen. The p a r t i c i p a t i o n  of t h e  
rervous system i n  t h e  s t imulat ion of e ry th ropo ies i s  under prolonged o r  repeated 
hypoxia i s  disputed by mar,y authors  (Grant, 1950; Ardashnikova, 1952; Earbashova, 
1960). There a r e  grounds, however, f o r  doubtir,g c e r t a i n  of t h e  ideas  t h a t  have 
develoFed o r  t h e  regulatory mechanisms of t h e  blood system i n  oxygen s t a rva t ion  
( B e l l e r .  1957). 

I n  co l l abora t io r  wi th  Yu.V.Nikolayenkov, w e  s tudied t h e  react ion o f  t h e  
blood s y s t e n : t o  acu te  and repeated hypoxia i n  dogs (barometric pressure drop t o  
267 rrm fig f o r  2 hrs  cn each of six successive days). Under t h e s e  conditions 
t h e  short-term r e d i s t r i b u t i v e  react ion of t h e  blood system i s  d i s t i n c t l y  mani
f e s t e d  ( e ry th rocy tos i s ,  r e t i c u l o c y t o s i s  without change i n  blood composition, in
crease i n  t h e  volume o f  c i r c u l a t i n g  blood accompanied by a r i se  i n  i t s  absolute  
erythrocyte  cour t ) .  The repeated e f fec t  o f  	hypoxia induces an increase i n  /6L,

These changes are due t o  an in t ens i t h e  "backgrour,d" of t h e  red blood indices .  

f i c a t i o r  of erythropoiesis ,  as indicated by t h e  lef tward s h i f t  i n  t h e  ret iculo 

c y t a l  formula, t h e  c h a r a c t e r i s t i c  changes i n  t h e  a c i d  erythrograms, and t h e  re
s u l t s  of a study of punctates  of t h e  bone marrow and t h e  rate of incorporation 
of radio-iron i n  t h e  newly formed erythrocytes.  

I n  experiments on dogs with b i l a t e r a l  denervation o f  t h e  ca ro t id  sinuses,  
t h e  p a r t i c i p a t i o n  of  t h e s e  zones i n  t h e  r egu la t ion  of t h e  r e s p i r a t o r y  surface 
of t h e  blood, under condition of oxygen insu f f i c i ency ,  w a s  determined as fo l 
lows: The r e f l e x  mechanism t h a t  o r i g i n a t e s  i n  t h e  chemoreceptors of t h e  sino
c a r o t i d  zor;e i s  riot t h e  o n l y  one involved i n  t h e  development of acute  hypoxic 
erythrocytosis .  The s i g n i f i c a n c e  o f  t h i s  mechanism apparent ly  cons i s t s  i n  i t s  
ensurance of a rapid appearance ar,d cessat ion o f  t h e  e ry th rocy ta l  react ion (on 
el iminat ion of t h e  chemoreceptors of t h e  c a r o t i d  s inuses ,  t h i s  reactior, l o s e s  
i t s  "synchronismft with t h e  time of ac t ion  o f  acu te  hypoxia). The p a r t i c i p a t i o n  
of t h i s  r e f l e x  mechanism i n  t h e  s t imulat ion of erythropoiesis  seems more im
portant .  I n  our  experiments, t h e  elimination o f  t h e  s inoca ro t id  zones made t h e  
arimals upable t o  give ar, e ry th ropo ie t i c  r eac t ion  t o  t h e  repeated ac t ion  of hy-



zoxia. These r e s u l t s  do not,  however, exclude t h e  p o s s i b i l i t y  of t h e  stimula
t i o r  of erythropoiesis ,  even without t h e  s inocarot id  chemoreceptors i n  fulminant 
o r  Frolonged hypoxia. 

Ekperiments a f te r  splerectomy confirmed t h e  importance of t h e  spleen f o r  
t h e  acute  h n o x i c  react ion of t h e  blood system. It i s  i n t e r e s t i n g  t h a t  splenec
tomized dogs should have l o s t  not  only t h e  power of e ry th rocy ta l  r eac t ion  but /65
a l s o  of r e t i c u l o c y t a l  reactior. t o  short-term e f f e c t s  of oxygen insuff ic iency.  
I n  these  arimals we a l s o  noted t h e  absence of an inc rease  i n  t h e  "background" 

of t h e  hematOFneiC index. Similar  r e s u l t s  were obtained on two dogs with t h e  

spleer. t r ansp lac t ed  t o  t h e  neck (in one case t h e  autotransplanted organ w a s  re-

innervated through t h e  ce rv ica l  branch of t h e  vagus). 

experiments it must be recogr.ized t h a t ,  i n  oxygen s t a rva t ion ,  t h e  spleen p a r t i - 


On t h e  basis o f  t h e s e  

c ipa t e s  r o t  only i n  t h e  mechanism o f  r e d i s t r i b u t i v e  erythrocytosis  but  a l s o  i n  
t h e  stimulatior. of erythropoiesis.  

I n  experimer.ts on puppies of various age w e  found t h a t  n e i t h e r  t h e  redis
t r i b u t i v e  nor t h e  erythropoiet ic  r eac t ion  o f  t h e  blood system t o  hypoxia are 
pronouficed a t  b i r t h ,  but a r e  formed r egu la r ly  during p o s t n a t a l  ontogenesis. 
This may be comected with t h e  f a c t  t h a t  t h e  mechanisms governing t h e s e  reac
ti0r.s a r e  l ikewise not formed a t  b i r t h .  For example, w e  found t h a t  t h e  func
t i o n  of t h e  spleen as an organ o f  t h e  blood system a t  var ious s t ages  o f  ind iv i 
dual development o f  t h e  organism i s  dis t inguished by pronounced pecu l i a r i t y .  
This p e c u l i a r i t y  i s  l a r g e l y  responsible  f o r  t h e  age-group f ea tu res  o f  t h e  re
act ior .  of t h e  blood system t o  acu te  o r  repeated oxygen s tarvat ion.  



ON THE RETATIONS BETWEEX HEMODYNAMICS, REGIOEAL CIRCULATION /66
AND OXYGJ3N EXCHANGE I N  TKE TISSUES 

M.I.Gurevich 
( I n s t i t u t e  of Physiology imeni A.A.Bogomol*ts, 

UkrSSR Academy of Sciences, Kiev) 

The problem o f  t h e  s tudy of t h e  mechanisms p a r t i c i p a t i n g  i n  t h e  comFlex 
adapt ive r eac t ions  of t h e  organism and i t s  var ious organs and t i s s u e s  t o  t h e  
continuously changing conditions of t h e  environment i s  one of  t h e  most t o p i c a l  
i n  modern physiology. 

The changes i n  t h e  parameters of t h e  environment, over t h e  ir.termediary of 
various elements of t h e  complex neurohunoral regulation, modify t h e  funct ional  
s ta te  of t h e  organism and i t s  systems, maintaining f o r  it, within c e r t a i n  limits, 
a constant i n t e r n a l  medium. 

The hemodpamic s h i f t s  and changes i n  l o c a l  c i r c u l a t i o n  a r e  of grea t  im
portance i n  t h e  adapt ive and compensatory react ions.  

A s  a r e s u l t  of t h e  work of many i n v e s t i g a t o r s ,  var ious a spec t s  of t h e  a c t i 
vi ty of t h e  cardiovascular system have been s tudied i n  g r e a t  d e t a i l .  N e w  con
f i rmat ions have been found f o r  Pavlovts proposi t ion t h a t  t h e  cardiovascular 
system i s  self-regulated,  The s tud ie s  by USSB i n v e s t i g a t o r s  on t h e  orgapiza
t i o n  of t h e  regulatory apparatus of t h e  c i r c u l a t o r y  system have won wide recog
n i t ion .  Nevertheless, present  knowledge or  t h e  laws of t h e  functioning of t h e  
c i r c u l a t o r y  system as a whole i s  s t i l l  i n s u f f i c i e n t .  A comparison of a l a r g e  
number of indices ,  cha rac t e r i z ing  various a spec t s  o f  t h e  a c t i v i t y  of  t h e  cardio
vascular  system and de f in ing  t h e  i n t e r r e l a t i o n s  involved, may help t o  conceive 
a f u l l e r  p i c t u r e  on t h e  a c t i v i t y  of t h e  c i r c u l a t o r y  system. /67 

The minute volume and t h e  systemic a r t e r i a l  pressure,  which character ize  
t h e  func t iona l  s t a t e  o f  t h e  c i r c u l a t o r y  system as a whole, do not r e f l e c t  t h e  
f ea tu res  of t h e  l o c a l  c i r c u l a t i o n  of var ious organs and t i s s u e s .  S t i l l ,  changes 
i n  t h e  l o c a l  blood flow a f f e c t  t h e  magnitude o f  t h e s e  i n d i c e s  j u s t  as t h e  gene
ra l  hemodynamic shifts a f f e c t  t h e  state of t h e  pe r iphe ra l  c i r cu la t ion .  

The s tudy  of t h e  r e l a t i o n  between general  hemodynamics and l o c a l  blood 
c i r c u l a t i o n  under normal conditions and on models of var ious s ta tes  of t h e  or
ganism i s  of i n t e r e s t  f o r  def ining t h e  l a w s  of regulat ion o f  t h e  c i r cu la t ioc ,  
t h e  c h a r a c t e r i s t i c s  of hemodynamics and of blood flow through t h e  organs, a r d  
f o r  understanding t h e  r e l a t i o n s  between t h e  vascular  r eac t ions  i n  various re
gions o f  t h e  body. 

For a number of years, t h e  Laboratory of  C i rcu la to ry  Physiology, I n s t i t u t e  
of Physiology imeni A.A.Bogomoltts, UkrSSR Academy o f  Sciences, has conducted 
comparative ' s tud ies  on t h e  changes i n  hemodynamics and l o c a l  c i r cu la t ion ,  under 
exclusion o f  t h e  pressoreceptor  apparatus o f  t h e  c a r o t i d  s inuses ,  i n  acute  
a o r t i c  occlusion, af ter  i n j e c t i o n  of catecholamines, i n  hypothermia, hypoxia 
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and experimental hypertension (M. I. Gurevich, A.  I. Vyshatina, A. G . K a r t  seva , M .A. 
Kondratovich, M.F.Povzhitkov, S.A.Bershteyr,, T.Mansurov, V.A.Tsirultnikov, and 
o thers ) .  

Certain f e a t u r e s  of t h e  i n t e r r e l a t i o n s  of general  hemodynamics and l o c a l  
blood flow have been s tudied i n  a number of organs and under various conditions. 

The s tudy o f  t h e  i n t e r r e l a t i o n s  of hemodynamics, t i s sue  c i r c u l a t i o n ,  and /68 
oxygen excharge i r ,  t h e  t i s s u e s  i s  an important problem o f  c i r c u l a t o r y  physio
logy. The c l o s e  r e l a t i o n  between these  ind ices  has r ecen t ly  been demonstrated 
by several  authors.  

On decrease i n  t h e  02 t ens ion  i n  t h e  surrounding medium, dis turbance of t h e  
"oqyger, t ransport"  funct ion of  t h e  blood, decrease i n  blood flow, o r  i nc rease  
i n  oxyger. cormsumptior,of t h e  t i s s u e s ,  hemodynamic s h i f t s  develop d i r e c t l y  toward 
compensatior of t h e  general  and l o c a l  disturbances of oxygen exchange. 

A pronounced hypoxia induces not only changes i n  r e s p i r a t i o n  but  a l s o  dis
t i n c t  hemodynamic s h i f t s  (chaEges i n  cardiac output ,  systemic a r te r ia l  pressure,  
t o t a l  Fer iFheral  r e s i s t ance ,  c i r c u l a t i o n  volume, e t c .  ). With r e spec t  t o  t h e  
var ia t ior ,s  of t h e  micute volume, i n  t h e  various forms of hypoxia, t h e  changes 
i n  p a r t i a l  oxygen pressure i n  t h e  t i s s u e s  and venous blood a r e  apparent ly  o f  ex
treme s i g n i f i c a r c e  (L.L.Shik, 1964). 

Contradictory r e s u l t s  as t o  t h e  char,ges i n  systemic a r t e r i a l  pressure i n  
hypoxia have been reported (N.N.Sirotinin, 1939; 1.V.Bazilevich and 1.M.Tur-o
v e t s ,  1938; P.I.Yegorov, 1917, 1941; Gorlin and L ' y u i s ,  1954; Braun, 1958; N.V. 
Lauer, A.Z.Kolchinskaya and V.V.Turanov, 1960; S.A.Bershteyn, 1965). 

It has been proved t h a t  hypoxia i s  accompanied by considerable changes, of 
varying i n t e n s i t y ,  i n  t h e  blood flow i n  various organs (M.Ya.Marshak e t  al . ,  
1948; Hayton e t  a l . ,  1962, 1964, and o the r s  ). 

The changes i n  l o c a l  blood flow during hypoxia a r e  complex and a r e  due /69
t o  i n t e r r e l a t i o n s  of t h e  c e n t r a l  arLdl o c a l  inf luence of oxygen i n s u f f i c i e n c y  on 
vascular tonus and hemodynamics. 

The question o f  t h e  mechanisms of self-regulat ion o f  t h e  t i s s u e  circula
t i o n  i s  of g rea t  i n t e r e s t ,  al though s t i l l  q u i t e  controversial .  Apparently, not 
one of t h e  hypotheses attempting t o  explain t h i s  mechanism i s  able t o  give a n  
exhaustive and un ive r sa l  explanation. Changes i n  t h e  p02 of t h e  blood and tis
sues may be important i n  t h e  regulat ion of t i s s u e  c i r cu la t ion .  I n  considering 
t h e  r,umerous hypotheses on t h e  mechanism of s e l f - r egu la t ion  of blood flow t o  
t h e  orgaps, i t  must be remembered t h a t ,  i n  t h e  i n t a c t  organism, t h e  r egu la to ry  
changes of l o c a l  blood flow should not  l e a d  t o  an overloading o f  t h e  h e a r t  o r  
t o  a sharp change i n  t h e  systemic arterial  pressure.  Here, a complete and thor
ough understanding of t h e  mechanism, by which t h e  optimum r e l a t i o n s  between 
t i s s u e  consumption of n u t r i e n t s  and hemodynamics and l o c a l  blood supply are 
achieved, i s  one o f  t h e  most important problems of c i r c u l a t o r y  physiology. 
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OXYGEJd WANT OF THE ORGANISM AND PHOSPHOLIPIDE 
METABOLISM I N  THE BRAIN 

V .Y a  .Dvorkin  
(Pavlov I n s t i t u t e  o f  Physiology, USSR Academy 

o f  Sciences, Leningrad) 

It has previously been shown t h a t  oxygen want o f  t h e  orgarAsm, caused by a 
decrease i n  atmospheric pressure,  l e a d s  t o  a lowering of t h e  metabolic rate of 
t o t a l  phospholipides i n  t h e  brain. The synthesis  o f  phospholipides i n  rat b ra in  
t i s s u e  decreased by 30 - 50$, depending on t h e  degree o f  hypoxia. 

I n  this work, w e  s tudied t h e  l e v e l  of t h e  ind iv idua l  phospholipide frac
t i o n s  and t h e  metabolic rates of t h e i r  phosphate groups ir .  t h e  ce reb ra l  cor tex 
of rats,  under oxygen insu f f i c i ency  induced by a two-day exposure of t h e  animals 
i n  t h e  a l t i t u d e  chamber t o  reduced atmospheric pressure.  

The animals were subjected t o  two d i f f e r e n t  degrees o f  anoxemia: 1)F i r s t  
group - atmospheric pressure of 2h0 mm Hg; 2 )  Second group - atmospheric pres
su re  below 180 mm Hg. The l e v e l  of t h e  individual  phospholipide f r a c t i o n s  i n  
t h e  brain was estimated from t h e  l i p i d i c  phosphorus con te r t ,  i r  I ”  ~ e rgram 
of w e t  t i ssue.  The metabolic rates of t h e  phosphate groups of t he  individual  
f r a c t i o n s  were estimated from t h e  rate of incorporat ion of radioact ive phosphate 
i n  each f r a c t i o n  and were expressed as t h e  percentage r a t i o  of t h e  s p e c i f i c  
r a d i o a c t i v i t y  of t h e  f r a c t i o n  t o  t h e  t o t a l  s p e c i f i c  r a d i o a c t i v i t y  of t h e  ir.or
,gar.ic phosphate o f  t h e  brain t i s s u e .  

It was shown t h a t  two hours i n  t h e  a l t i t u d e  chamber, f o r  both groups, in
duces r o  basic  change i n  t h e  cor,tent of a l l  t h e  phospholipide f r a c t i o n s  s tudied 
i n  t h e  brain t i s s u e  of t he  rat ,  even i n  t h e  most advanced s t age  of hypoxia. /71
Oxygen s t a rva t ion  induced a d i s t i r c t ,  s t a t i s t i c a l l y  s i g n i f i c a n t ,  lowering of t h e  
rate of repewal o f  t h e  phosphate group i n  a l l  f r a c t i o n s ,  but  t h e  extent  of  t h i s  
decrease d i f f e red  f o r  t h e  d i f f e r e n t  f r ac t ions .  I n  rats of Group 1, t h e  r a t e  of  
renewal of t h e  f r a c t i o n s  of aminophosphatides and l e c i t h i n s  w a s  decreased most, 
and t h a t  of t h e  f r a c t i o n s  of t h e  phosphatide a c i d s  and polyglyceroFhosphatides, 
phosphoinositides, and sphingomyelins was decreased least. The d i f f e rence  i n  
t h e  degree o f  dec l ine  of  t h e  metabolic rate with respect  t o  these  two groups of  
phospholipides i s  s t a t i s t i c a l l y  s ign i f i can t .  The g r e a t e r  degree o f  oxygen want 
( r a t s  of Group 2 )  does not result  i n  a f u r t h e r  decrease i n  t h e  rate of excharge 
of t h e  f r a c t i o n s  of phosphatidic a c i d  and polyglycerophosphatides, aminophos
phatides,  and sphingomyelins, whereas t h e  f r a c t i o n s  of phosphoinosit ides and 
l e c i t h i n s  r e a c t  t o  inc reas ing  hypoxia by f u r t h e r  lowering of t h e i r  metabolism. 

These da t a  permit t h e  conclusion t h a t  t h e  ind iv idua l  phospholipide frac
t i o n s  of t h e  b ra in  t i s s u e  of rats have d i f f e r e n t  degrees of s e n s i t i v i t y  t o  oxy
gen s t a rva t ion  of t h e  organism. This d i f f e r e n t i a l  s e n s i t i v i t y  has t o  do with 
t h e  chemical s t r u c t u r e  and biosynthesis  pathways of t h e  phospholipide f r a c t i o r s ,  
and with t h e i r  r o l e  i n  maintaining t h e  a c t i v i t y  of t h e  c e n t r a l  rervous system. 



/72
SCPZ DATA OK T H E  REACTION OF THE EXTERNAL RESPIFtATIOh:  AND 
WOCARDIUM TO A D E C E M S E ;  IN THE OXYGEXATION OF T H E  

A h T B I A L  BLOOD I N  HEALTHY PEESONS 

Professor  k .G.Dembo, Zh.A .Teslenko and A.M.Tyurin 
(Candidates i n  Medical Sciences, Leningrad) 

The reaction of t h e  system of ex te rna l  r e sp i r a t ion  and myocardium t o  de
creased oxygenation of t h e  a r te r ia l  blood i n  healthy sub jec t s  has not been suf
f i c i e r t l y  studied, and t h e  l i t e r a t u r e  da t a  a r e  scanty ard inconsis tent .  

To study t h i s  problem, w e  examined 102 young a t h l e t e s ,  mostly males, highly 
q u a l i f i e d  a r d  of long experience i n  d i f f e r e n t  f i e l d s  of s p o r t s ,  and 17 healthy 
non-at h l  e t  es . 

Oxygeratior of t h e  a r te r ia l  blood w a s  decreased by t h r e e  methods: rebreath
irrr (us ing  a Ty-pe 35 Hungariar spirometabolograph), inha la t ior ,  of a rrcixture with 
10.3 - 10.5% a rd  1L - 151: of  oxyger (usirlg ar, S G I  spirograph). Each time, a 
l i m e  carbor dioxide absorber ( C C A )  w a s  used, so t h a t  t h e  percentage of  C O 2  under 
t h e  S e l l  a t  t h e  erd of each experiment d id  not exceed 0.2 - 0.3%. I n  add i t ion ,  
t he  oxyger. l e v e l  of  t h e  a r t e r i a l  blood w a s  determir,ed by ari 0-3614 oxyhemo
praFh; t h e  oxyger, l e v e l  w a s  not allowed t o  f a l l  below 65 - 70% s ince ,  according 
t o  t h e  l i t e r a t u r e  (Altukhov, Balakhovskiy, Kalkin, 1954), a drop below t h i s  
l e v e l  may l ead  t o  considerable changes i n  t h e  c e n t r a l  nervous system. 

The s tud ie s  covered: react ion of ex te rna l  r e sp i r a t ion  [absorption of oxygen 
pe r  minute, depth and frequency of  r e sp i r a t ion ,  minute volume (MV), oxygen 
u t i l i z a t i o n  f a c t o r  (OU)], electrocardiogram, and vectorcardiogram. 

I n  a l l  t h r e e  methods, t h e  onset of  t h e  decl ine i n  oxygenation and t h e  /7?
time of  reachirg 65 - 70% oxygen l e v e l  var ied among t h e  s u b j e c t s  and f luc tua ted  
from 0 t o  5 min ( i n  most sub jec t s ,  i n  t h e  2nd min)  and from 5 t o  10 min and 
longer ( i n  most sub jec t s ,  i n  t h e  6 th  min). The earlier t h e  dec l ine  i n  oxlygena
t ior ,  commer.ced, t h e  more r a p i d l y  w a s  t h e  m a x i m u m  reached. 

Thus, i t  i s  obvious t h a t  t h e  degree o f  decl ine i n  t h e  oxygenation o f  t h e  
a r t e r i a l  blood does not depend on t h e  t i m e  of exposure alone, but a l s o  on t h e  
ind iv idua l  t r a i t s  of  t h e  sub jec t  ( r a t e  o f  oxidat ive processes,  degree of u t i l i 
za t ion  of compensatory mechanisms, e t c ) .  This is  of p a r t i c u l a r  s ignif icance 
f o r  t h e  rebreathing method. Obviously, t h e  estimate of t h e  r eac t ion  t o  ar ter ia l  
hypoxemia must r o t  be based exclusively on t h e  t i m e  of  exposure but requires 
some oxyhemometric c o r t r o l .  

The react ion of t h e  main funct ional  i nd ices  of ex te rna l  r e s p i r a t i o n  (minute 
volume, oxlyger. uptake p e r  minute, and oxygen u t i l i z a t i o n  f a c t o r )  t o  a n  i nc rease  
ir, ar ter ia l  hy-poxemia i s  a l s o  highly individual .  A t o t a l  o f  14 d i f f e r e n t  com
bina t ior , s  of changes i n  t h e s e  ind ices  were found, including complete absence of 
a n y  charge ir! exterra1 re sp i r a t ion .  
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?:e divided t h e s e  combinations i n t o  th ree  groups, based on t h e  char.pe ir. 
t h e  oxyger u t i l i z a t i o n  f a c t o r  which w e  considered t h e  f a c t o r  best  character iz
i n g  t h e  effect iveness  of aerat ion.  

A s  l l ra t ior .a l  reaction" of  t h e  ex te rna l  r e s p i r a t i o n  system w e  defiped t h e  
i r c r e a s e  o r  constaccy of t h e  OU, regardless  of t h e  type  of changes i p  W.7 and 
oxygen absorption ( 8  combinations). Any decrease i r .  OU was corsidered an "ir
r a t i o n a l  reaction" of t h e  ex te rna l  r e s p i r a t i o n  t o  a r te r ia l  hypoxemia ( 5  corr.bina
t ions ) .  The t h i r d  group w a s  character ized by constancy i n  OU, i n  M T ,  and i n  /74 
oxygen uptake. 

TABLE 1 

CHAhACTER OF �?FACTION OF EXTHihAL RESPIFATOfrY SYSTEM 
I N  VARIOUS PiiTHODS OF I N D U C I N G  A E T E I A L  

HYPOXEKIA IN ATHUTES 
-

Fiebreathing Method Inhalatior,  o f  a F ix tu re  with 

Percerit Owgen 
lG% 0 2  (24 Subjects)  

-

Saturatior,,  Rat ional  
. ._ 

90% 18 75.0 
7 ~ 6 5 %  1 14 58*? 

I n  athletes during r e b r e a t h k g  tests,  t h e  r,umber of r a t i o n a l  r e a c t i o r s  de
creased with i n c r e a s i r g  a r t e r i a l  hypoxemia, while t h e  number of  i r r a t i o r a l  re
a c t i o r s  increased. A t  65 - 7% oxygen saturatior! of t h e  blood, t h e r e  were no 
cases of f a i l u r e  t o  r e a c t  (Table 1). The opposite p i c t u r e  was noted on inhala
t i o r  of  a gas mixture with l@ oxygen: here,  t h e  number o f  r a t i o r a l  r e a c t i o r s  
a t  t h e  same degree o f  a r te r ia l  hypoxemia (65 - 70%) increased. 

The r eac t io r  ra te  showed a decrease by 17% i n  t h e  r a t i o n a l  r e a c t i o r s  of t h e  
e x t e r r a l  r e s p i r a t o r y  system i n  rebrea th ing  t e s t s  with inc reas ing  hypoxerria, and 
a r  increase by 29% on inha la t ion  o f  10% oxygen. The opposi te  r e l a t io r .  holds 
f o r  t h e  i r r a t i o r a l  r eac t ions  (a  23.5% inc rease  and a 17% decrease, respect ively) .  

The co r re l a t ion  coe f f i c i en t  i n  rebreathing i s  0.!+47; i n  inhalat ior!  of 10% 
oxyger! it i s  Kegative and i s  equal t o  -0.705. Consequently, a t h l e t e s  have t h e  
opposite degree of pa ra l l e l i sm between t h e  groups o f  r eac t ions  of t h e  ex
t e r n a l  r e sp i r a to ry  system, depending on t h e  method by which ar ter ia l  hyFoxemia

/75 
was induced. 

Evidently, when a gas mixture with a constant low oxygen content (10%) i s  
breathed f o r  s eve ra l  rricutes, t h e  funct ion of  ex te rna l  r e s p i r a t i o n  has t i m e  t o  
adapt t o  t h e  low oxygen content of t h e  inhaled mixture. This i s  a si@ f o r  t h e  
good functional s t a t e  of t h e  athlete's body. 



The above statement i s  confirmed by o u r  ana lys i s  o f  t h e  da t a  from succes
s i v e  inha la t ion  of 10 and 1 5  - 14% of  oxygen p e r  minute. 

On inha la t ion  o f  a gas mixture with 14 - 15%oxygen, t h e  ind ices  vary dur
i n g  t h e  first o r  second Ink". All func t iona l  i nd ices  o f  ex te rna l  r e s p i r a t i o n  
w i l l  then s t a b i l i z e  d e s p i t e  t h e  gradual dec l ine  o f  t h e  a r te r ia l  blood oxygen 
l e v e l  t o  14% a t  t h e  end of t h e  experiment. 

T h i s  p a t t e r n  i s  ever. more d i s t i n c t  i n  athletes i n h a l i n g  a 10% oxygen mix
ture .  By t h e  end o f  t h e  first minute, t h e  MV i nc reases  t o  14%, w h i l e  t h e  oxygen 
consumption and t h e  OU decrease 20 and 27%, respectively.  Beginning with t h e  
second minute, t hese  funct ional  i n d i c e s  become es t ab l i shed  a t  a new level  and 
are  s t a b i l i z e d ,  with f l u c t u a t i o n s  of &5%, u n t i l  t h e  end of t h e  experiment, i.e., 
t h e  "v r i s e s  t o  30% above t h e  i n i t i a l  value within 10 min, t h e  OU decl ines  by 
20%, a rd  t h e  oxygen consumption remains within t h e  o r i g i n a l  range. Bearing i n  
mind t h a t  t h e  percentage of carbon dioxide i n  t h e  system of  t h e  apparatus does 
not exceed 0.2 - 0.3% (according t o  Kholshchen) a t  t h e  end o f  t h e  experiment, 
t h e  degree of ar ter ia l  hypoxemia may be considered t h e  dominant inf luence on t h e  
function of exLena1 r e sp i r a t ion .  

A s  f o r  rebreathing,  i n  which t h e  oxygen content of t h e  inhaled mixture pro
g res s ive ly  decreases from t h e  f i rs t  minutes, t h e  organism i s  apparently unable 
t o  adapt i t s e l f .  T h i s  i s  confirmed by t h e  decrease i n  number of r a t i o n a l  re- /76 
a c t i o c s  of t he  e x t e r n a l  r e s p i r a t o r y  system t o  an i n c r e a s e  i n  t h e  degree of hy
poxemia. Thus, during t h e  first two minutes o f  t h e  experiment it w a s  56.2%; in 
t h e  3rd - 4 t h  minute, 35.9%; i n  t h e  5 t h  - 6 t h  minute, o n l y  25.6%. 

An ana lys i s  of t h e  react ions of t h e  ex te rna l  r e s p i r a t o r y  function i n  ath
l e t e s  t o  ar ter ia l  hypoxemia i n  rebreathing divided by minutes, showed t h a t  t h e  
oxygen consumption during t h e  e n t i r e  t e s t  remained equal t o  t h e  o r i g i n a l  value,  
with minor f luctuat ions.  The MV begins t o  increase and reaches an average o f  
12% above i t s  in i t i a l  value by t h e  f o u r t h  minute, when t h e  oxygen content of 
t h e  in sp i r ed  a i r  has dropped t o  14%and t h e  oxygenation o f  t h e  blood has de
creased t o  85  - 87%. Beginning with t h e  f i f t h  minute, t h e r e  i s  a sharp inc rease  
i n  t h e  MV (by 87$), a decrease i n  t h e  OU (by 53;%), and a decrease i n  t h e  oxygen 
sa tu ra t ion  of t h e  ar ter ia l  blood ( t o  65%). 

I n  rebreathing, t h e  r eac t ion  o f  t h e  funct ional  i n d i c e s  o f  ex te rna l  respira
t i o n  i n  healthy con-athletes does n o t  di f fer  q u a l i t a t i v e l y  from t h a t  o f  ath
le tes .  There i s  only  a q u a n t i t a t i v e  difference:  When t h e  oxygen content of 
t h e  in sp i r ed  a i r  drops t o  U+%, t h e  MV increases  by 1% over  t h e  i n i t i a l  l eve l ;  
t h i s  begins a t  t h e  s i x t h  minute and i s  accompanied by an 11% decrease i n  oxygen 
consumption, by a drop i n  blood oxygenation t o  SO%, and by a corresponding de
c l i n e  i n  t h e  OU. It i s  i n t e r e s t i n g  t o  n o t e  t h a t ,  i n  athletes,  af ter  a dec l ine  
i n  blood oxygenation t o  SO%, t h e  MV w i l l  show an average inc rease  o f  3%. 

This react ion i n  non-athletes t o  a decrease i n  oxygenation of t h e  blood in
dicates an incomplete co r re l a t ion  between r e s p i r a t o r y  and c i r c u l a t o r y  functions.  
The importance o f  completeness o f  t h e s e  co r re l a t ions  i s  confirmed by a compari
son of t h e  r eac t ion  of t h e  ex te rna l  r e s p i r a t o r y  system i n  athletes i n  var ious /77
funct ional  states, i.e., a t  var ious degrees of t r a in ing .  
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Well-trained athletes, a t  t h e  beginning of t h e  experiment, i.e. when t h e  
dec l ine  i n  oxygen s a t u r a t i o n  of t h e  ar ter ia l  blood was s t i l l  small, exhibi ted 
r a t i o n a l  and i r r a t i o n a l  react ions of t h e  r e s p i r a t i o n  i n  t h e  same number o f  
cases. As t h e  oxygen s a t u r a t i o n  decreases,  t h e  number of  i r r a t i o n a l  r eac t ions  
increases.  Among t h o s e  with moderate t r a i n i n g ,  and e s p e c i a l l y  those with in
adequate t r a in ing ,  t h e  number of ind iv idua l s  with poor r e s p i r a t o r y  r eac t ion  i s  
g rea t e r ,  even a t  t h e  beginning o f  t h e  tes t .  

TABLE 2 

~ . . ~ ~ ~  ~ -~- .. ~. ~ 

Rebre a thin g 56.9 15.5 27.6 

Inha la t ion  of l@ COa 66.7 23.8 9.5 

Inha la t ion  of 15-14% Oa 85.7 7.1 7.1 
.. ~ _. . . __ .  . . ~- - ~ . 

A s  f o r  t h e  changes i n  t h e  myocardium, a low oxygen content of  t h e  i c sp i r ed  
a i r  on rebreathing (sometimes reaching 5%) may explain t h e  high percentage of 
unfavorable ECG f indings (Table 2). Favorable ECG react ions,  i n  t h i s  Table, 
mean s l i g h t  o r  no f l a t t e n i n g  of t h e  T wave; adapt ive r eac t ions  mean consider
able f l a t t e n i n g  of t h e  T wave; unfavorable r eac t ions  mean two-phase negative T 
waves o r  t h e  paradoxal reaction. 

A comparison of t h e  cha rac t e r  of t h e  r eac t ion  of  t h e  ex te rna l  r e s p i r a t o r y m  
system t o  a r t e r i a l  hypoxemia down t o  65 - 7% with t h e  changes i n  t h e  myocardium 
showed complete absence of c o r r e l a t i o n  between them. 

I n  t h e  groups with d i f f e r e n t  r e s p i r a t o r y  r eac t ions ,  t h e  number of persons 
with myocardial changes was t h e  same. I n  o the r  words, even a good r e s p i r a t o r y  
react ion may sti l l  be accompanied by de le t e r ious  myocardial changes, and con
verse ly ,  an unfavorable r e s p i r a t o r y  react ion may be unaccompanied by myocardial 
changes. 

It seemed important t o  l e a r n  whether t h e  myocardial chariges depend on t h e  
funct ional  s t a t e  of t h e  organism, i.e., on t h e  degree of t r a in ing .  The per
centage of i nc rease  i n  hear t  rate over  i ts  i n i t i a l  value i n  well-trained ath
l e t e s  was found t o  be lower than  i n  those with inadequate t r a i n i n g  (Table 3).  

This i s  p a r t i c u l a r l y  d i s t i n c t  when oxygenation decl ines  t o  9%. On a drop 
t o  65 - 7C$, t h i s  d i f f e rence  i s  smaller but s t i l l  p e r s i s t s .  Recovery of t h e  /79
hea r t  sate a t  t h e  t h i r d  minute af ter  completion o f  t h e  experiment w a s  l ikewise 
encountered rriore o f t e n  i n  t h e  t r a i n e d  subjects.  This was less marked i n  t h e  in
crease of t h e Q - T i n t e r v a l  by more than 0.04. The myocardial changes were un-
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favorable .ir: a t h l e t e s  wi th  x q e n g  degrees of t r a i r i n g ,  with a s t r i c t l y  similar 
percertage o f  cases (27$ 3n each group. 

TABLE 3 

CHANGES IN HEART RATE (a )AND I N  THE Q - T INTEEVAL WITH 
DEGFiEE OF TRAINING 

___._- .. .

I Inc rease  i n  HR, % I 
Recovery o f  HE Q - T  
i n  3 min, % 0.04, % 

__ - -

Good 10.7 34.3 64 56 

Moderat e 13.7 31.0 45 63 

Inadequate 19.2 41.5 w 63 
_.__~. 

Thus while t h e  changes i n  t h e  hear t  r a t e  and t h e  external  r e s p i r a t o r y  func
t ior ,s  showed a dependecce on t h e  degree o f  t ra i r , ing ,  myocardial changes due t o  
ar ter ia l  hypoxemia were independent o f  t he  t r a i n i n g  s ta te  of athletes,  i.e., of 
t h e  furc t ior .a l  s t a t e  of t h e  orgarism. 

This f a c t ,  as well  as t h e  complete absence of any co r re l a t ion  between t h e  
charges i n  t h e  ex te rna l  r e s p i r a t o r y  function and t h o s e  of t h e  myocardium, pennit  
us t o  p o s t u l a t e  t h a t  i n  a t h l e t e s  with a high-level funct ional  state,  t h e  dele
t e r i o u s  myocardial charges ir .  a r t e r i a l  hypoxemia r e f l e c t  not so much t h e  func
t i o n a l  s t a t e  of t h e  cardiac muscle as they r evea l  l a t e n t  morphological altera
t ions .  

These morphological a l t e r a t i o n s ,  owing t o  t h e  high funct ional  l e v e l  o f  t h e  
orgarism, a r e  riot disclosed i n  conventional funct ion tes ts  and have no e f f e c t  
orI t h e  degree of t r a i n i r g .  

This i s  favored by high development of func t iona l  coordination i n  ath
l e t e s ,  creat i r .g  t h e  conditions f o r  fu l l  mutual compensation, by t h e  individual  
orgar's a r d  systems, of var ious morphological a l t e r a t i o n s  which, i n  rout ine ex
amination, may excape detect ion.  

Thus, ou r  data  permit t h e  following conclusions: 

1. The e f f e c t  of ar ter ia l  hypoxemia on t h e  organism can be s tud ied  on ly  /80
i f  allowapce i s  made f o r  t h e  changes i n  oxygen sa tu ra t ion ,  s i n c e  t h e  degree o f  
a r t e r i a l  hypoxemia canrot be determiried from t h e  per iod of t ime during which t h e  
subject  has been rebreathing o r  i nha l ing  a hypoxic mixture. 

2. The rebreathing t e s t  and t h e  hypoxic mixture inha la t ion  t e s t  are not 
i d e r , t i c a l  and have d i f f e r e n t  e f f e c t s  on t h e  body. 

3.  The main f a c t o r  inducing changes i n  a e r a t i o n  and i n  t h e  myocardium, with 
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various methods of inducing a r t e r i a l  hypoxemia, i s  t h e  e x t e r t  of t h e  tiecline i n  
oxygeri s a t u r a t i o n  of t h e  blood. 

4. The myocardial changes during ar ter ia l  hypoxeria do not depend cn t h e  
degree of  t r a in ing .  
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EEACTIONS OF VENOUS DEPARl"TS OF CEETAIN VASCULAR REGIONS /81
I N  MYOCAEDIAL HYPOXIA 

A.V.Dokukin and G.A.Malov 
( I n s t i t u t e  of Cardiovascular Surgery, USSR Academy of Medical 

Sciences; Director:  Professor  S.A.Kolesnikov, 
S c i e n t i s t  Emeritus, MOSCOW) 

Several authors  have r ecen t ly  reported regular changes i n  l o c a l  blood 
c i r cu la t ion  during experimental myocardial hypoxia (Turevich, M . I . ;  Dokukin, 
A.V.; Povzhitkov, I L M . ) .  I n  p a r t i c u l a r ,  it w a s  found t h a t  t h e  vascular  resist
ance of t h e  l i m b s  increases  whereas t h a t  o f  t h e  mesenter ia l  blood v e s s e l s  de
creases. These e f f e c t s  may be due e i t h e r  t o  corresponding changes i n  a r t e r i a l  
tonus o r  t o  s h i f t s  o f  t h e  hemodynamics i n  t h e  venous system, f o r  example, by 
obstruct ion of t h e  blood flow as a r e s u l t  o f  cardiac insuff ic iency,  o r  i t s  
f a c i l i t a t i o n  i n  t h e  case of venous d i l a t a t i o n  o r  concentration of blood i n  o the r  
vascular  regions. With t h e  ob jec t  of def ining t h e  r o l e  of t h e  var ious sec to r s  
of t h e  l o c a l  blood c i r c u l a t i o n  i n  these  e f f e c t s ,  w e  i nves t iga t ed  t h e  volume 
charges of  t h e  blood vessels  i n  t h e  limbs and i n t e s t i n e s ,  ar,d t h e  changes i n  
t h e  l e s s e r  c i rcu la t ior :  with t h e  l e f t  h e a r t  i n  a c u t e  nyocardial  hypoxia. The 
volume character izes  t h e  s t a t e  of t h e  venous s e c t o r  of t h e  blood stream. 

The experiments were performed on ca ts .  To induce cardiac ischemia, t h e  
descendirg branch of t h e  l e f t  coronary a r t e r y  w a s  temporarily compressed a t  t h e  
base. The volume of blood flowing through t h e  limbs and i n t e s t i n e s  w a s  re
corded by a pho toe lec t r i c  drop counter,  with i t s  t r a n s m i t t e r  placed along t h e  
i l i a c  o r  meser ter ic  vein. The cardiac output w a s  measured by a flowmeter i n  /82
t h e  ascending ao r t a .  The r ad ioac t ive  t r a c e r  method w a s  used t o  determine t h e  
time of  flow o f  t h e  blood through t h e  various sec t ions :  abdominal a o r t a  - i l i a c  
veir,; thoracic  a o r t a  - mesenteric ve in ;  pulmonary a r t e r y  - ascending ao r t a .  The 
volume was ca l cu la t ed  by t h e  Stewart-Hamilton p r i n c i p l e ,  multiplying t h e  blood 
flow i n  m,E/sec by t h e  time of flow i n  sec/cm (c f .  Meyer and Zir ler ,  and others) .  

It was e s t ab l i shed  i n  t h e  experiments t h a t  t h e  volume of t h e  vascular  flow 
i r i  t h e  limbs, which w a s  7.55 n ~ 4on t h e  average, decreases a f te r  compression of 
t h e  a r t e r y  t o  6.1 m.P, and t h a t  o f  t h e  i n t e s t i n a l  flow, from 9.4 t o  8.5 me. The 
volume of t h e  l e s s e r  c i r c u l a t i o n  from t h e  l e f t  hea r t  increases  on t h e  average 
from 16.8 t o  20.5 mA. Vagotomy a t  t h e  height of t h e  neck considerably weakened 
t h e  i n f l u x  of blood i n t o  t h e  pulmonary stream, bu t  had no e f f e c t  on t h e  changes 
i n  volume of t h e  pe r iphe ra l  vascular  regions. 

The experimental results permit c e r t a i n  conclusions: The decrease i n  
volume of t h e  blood stream i n  t h e  limbs suggests t h e  absence of major obs t ac l e s  
t o  t h e  e f f l u x  of blood. Thus, t h e  inc rease  i n  r e s i s t a n c e  o f  this vascular  re
gion must be due t o  t h e  compensatory inc rease  i n  ar ter ia l  tonus. A s  e s t ab l i shed  
previously, t h e  venous pressure inc reases  somewhat under myocardial hypoxia. 
The decrease i n  volume of t h e  blood vessels i n  t h e  i n t e s t i n e s  and limbs, i n  this 
case, may be explaified by an a c u t e  cons t r i c t ion  o f  t h e  veins. It should then 
be assumed t h a t  t h e  decrease i n  t h e  r e s i s t a n c e  o f  t h e  mesenteric stream i s  not  



due t o  a d i l a t a t i o n  of t h e  veins with t h e  r e s u l t a n t  greater efflux but t o  arte
r ia l  hypotonus. This conclusion i s  a l s o  confirmed by t h e  f a c t  t h a t ,  a f te r  /8?
vagotomy, t h e  i n t e s t i n a l  vascular  r e s i s t a n c e  no longer  decreases i n  response t o  
myocardial ischemia but increases  in s t ead ,  w h i l e  t h e  r eac t ion  of  t h e  venous 
stream remains unchanged. The i n f l u x  of blood i n  myocardial hypoxia t akes  place 
i n  t h e  l e f t  h e a r t  and i n  t h e  lungs. T h i s  phenomenon i s  simplest  explained by 
in su f f i c i ency  o f  t h e  l e f t  ver?tr ic le .  The r o l e  o f  vasomotor inf luences s t i l l  
requires  f u r t h e r  study. These d a t a  demonstrate t h e  g r e a t  d i f f e r e n t i a t i o n  of t h e  
react ions of t h e  vascular  system t o  exogenous irifluences. A d i s t i n c t l y  s p e c i f i c  
character  i s  observed not o n l y  i n  t h e  behavior of t h e  ind iv idua l  vascular  re
g i o n s ,  but a l s o  of  var ious s e c t o r s  of t h e  same stream. 
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TkE EFFECT OF OXYGEN ON CERTAIN FUNCTIONS OF THE ORGANISM /84 
A. G. Zhironkin 

(Pavlov I n s t i t u t e  of Physiology, Leningrad) 

I n t e r e s t  i n  s tud ie s  on t h e  e f f e c t  of high p a r t i a l  oxygen p res su re  on t h e  
orgarism has g r e a t l y  increased i n  recent times. The widespread use  o f  oxygen i n  
c l i n i c a l  F r a c t i c e ,  a v i a t i o n  and space f l i g h t s ,  diving, etc., confronts physiolo
gists with t h e  t a s k  of de f in ing  t h e  upper limits of p a r t i a l  oxygen pressures 
s t i l l  safe f o r  t h e  human organism. 

The var ious authors are not  i n  agreement on t h e  permissible  limits of oxy
ger. use a t  normal and elevated pressures,  and t h e  adapt ive c a p a b i l i t y  of t h e  
orgarLsm t o  oxygen i s  ur.known. Many authors  be l i eve  t h a t  t h e  safe upper l i m i t  
of prolocged oxygen inha la t ion  f o r  human s u b j e c t s  i s  a p a r t i a l  pressure of 
425 mm Hg (about 56% of oxygen a t  atmospheric pressure) .  However, experimental 
data  i n  support  of this view are i n s u f f i c i e n t .  A higher p a r t i a l  oxygen pressure 
has a t o x i c  e f f e c t  so t h a t  r e s p i r a t i o n  i n  such a medium had t o  be l i m i t e d  t o  
sho r t  per iods,  of  a duration i n v e r s e l y  proport ional  t o  t h e  p a r t i a l  oxygen pres
su re  acd varyipg within r e l a t i v e l y  wide limits. 

The author  and his coworkers i nves t iga t ed  a number of  physiological  func
t i o n s  of t h e  organism i n  an  oxygen-rich atmosphere under normal and elevated 
pressure.  

O f  s p e c i a l  i n t e r e s t ,  among t h e  various e f f e c t s ,  i s  t h e  f ind ing  t h a t  mice, 
a. f t e r  a Frolonged s t a y  (10days) in a high-oxygen med ium (60%) according t o  /85
I.S.Breslav's method, spontaneously searched out  an oxygen-rich gas medium.  The 
observed changes i n  c e r t a i n  funct ions of t h e  c e n t r a l  nervous system and i n  t h e  
gas exchange on prolonged i n h a l a t i o n  of  t h i s  gas mixture (up t o  40 days) are 
a l s o  of a c e r t a i n  i n t e r e s t .  

Our experimental ma te r i a l  i n d i c a t e s  t h e  adapt ive c a p a b i l i t y  of t h e  organism 
t o  high p a r t i a l  oxygen pressures ,  on t h e  basis o f  t h e  adaptive r eac t ion  de
veloped i n  hypoxemia; however, t h e  r eac t ion  here i s  i n  t h e  opposi te  d i r ec t ion ,  
i.e., a r e s t r i c t i o n  i n  oxygen supply t o  t h e  t i s s u e s  and organs r a t h e r  than an 
increase.  The r e s p i r a t o r y  and c i r c u l a t o r y  systems p lay  a major r o l e  i n  t h i s  
adaptation. The degree of pulmonary a e r a t i o n  and t h e  rate o f  blood f l o w  de
crease ,  t h e  hea r t  rate slows, t h e  blood vessels contract  ( e s p e c i a l l y  i n  t h e  
b r a i n ) ,  t h e r e  i s  deposit ion of blood, reduction i n  r e s p i r a t o r y  metabolism, and 
o the r  react ions.  

A t y p i c a l  examFle of such r eac t ions  i s  one of ou r  experiments on human sub
j e c t s  and dogs, i nha l ing  oxygen under a p res su re  of 2 - 3 a t m .  abs. (kg/cm"abs). 
Human sub jec t s ,  subjected t o  t h i s  pressure,  exhibi ted spasm o f  t h e  c a p i l l a r i e s  
o f  t h e  n a i l  matrix, decrease i n  cutaneous temperature, and drop i n  t o t a l  re
s p i r a t o r y  m e t a b o l i s m .  I n  determining t h e  r e s p i r a t o r y  metabolism, w e  found 
t r a n s i e n t  i nc rease  i n  oxygen uptake, connected with t h e  excessive physical  dis
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solut ion o f  oxyger i n  t h e  l i q u i d  media of t h e  organism. An i n d i r e c t  proof of 
t h e  r e s t r i c t e d  supply of oxygen t o  t h e  t i s sues  i s  a l s o  provided by o u r  d e t e r d 
n a t i o m  of  t h e  oxggen s a t u r a t i o n  of  t h e  saliva c o l l e c t e d  from t h e  p a r o t i d  duct 
of dogs t h a t  had been subjected t o  ar, oxyger, p re s su re  o f  2 ar,d 3 a t m .  abs. It 
was fourad t h a t ,  i n  most of  t h e  experiments a t  3 a t m .  abs., t h e  oxygen satura- /86
t i o n  of t h e  s a l i v a  w a s  lower than at 2 a t m .  abs. This  f a c t  i s  apparerkly ccn
nected with t h e  marked vasoconstr ic t ion and t h e  slowing of  t h e  blood flow i n  
t h e  experiments at 3 a t m .  abs. 

Subsequept s t u d i e s  showed t h a t ,  under oxygen pressures  exceedicg 3 a t m .  abs. 
o r  a t  increasiEg oxyger, exposure time, t h e  physiological  r e a c t i o r s  become patho
l o g i c a l  a rd  a r e  POW d i rec t ed  toward increasing t h e  oxyger. supply t o  t h e  t i s s u e s :  
higher pu l se  ra te ,  increased pulmonary ae ra t ion ,  e t c .  

Our experimental ma te r i a l  and t h e  l i t e r a t u r e  d a t a  i n d i c a t e  t h a t  t h e  s a f e  
period f o r  oxygen inha la t ion  l i e s  within t h e  time limits o f  t h e  physiological 
adaptive r e a c t i o r s  of t h e  given organism. 
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REACTIONS OF THE HUMAN CARDIOVASCULAR SYSTmi TO HYPEROXIA* 

1.D.Zinovfyeva 
( I n s t i t u t e  of Evolutionary Physiology and Biochemistry imeni 
I.M.Sechenova,USSR Academy of Sciences; Director:  Ye.M.Kreps, 
Corresponding Member USSR Academy of Sciences. Laboratory of 

Physiology of t h e  Organism ur,der Extreme Conditions; 
Chief: G.L.Zalftsman, M.D., Leningrad) 

1. The react ion of t h e  human cardiovascular system t o  hypemxia has usua l ly  
been s tudied urider oxygen pressures  not exceeding 3 a tm.  abs. and mostly only 
i n  the  i n i t i a l  Fhase of i t s  e f f e c t  (Benke e t  al.;  A.G.Zhironkin; P.A.Sorokin; 
ar,d o thers ) .  

I n  our  work w e  used higher oxygen pressures  f o r  this purpose (3.5 and 
4.0 a t m .  a b s , )  and compared t h e  e f f e c t  with t h e  known r e s u l t s  of low oxygen 
pressures of 1.3 a t m .  abs, We a l s o  increased t h e  time of exposure of t h e  sub
j e c t s  t o  oxyger. under pressure,  u n t i l  appearance o f  t h e  first symptoms of 
oxygen irltoxicaticn. 

2. The t e s t  sub jec t s  were professional  d ivers ,  who were made t o  inha le  oxy
ger: i r ,  a sealed device, placed i n  a s p e c i a l  chamber. The p res su re  i n  t h e  
chamber w a s  produced by compressed air. Each subjec t ,  first under ordinary con
d i t i o n s  and then w h i l e  i n h a l i n g  oxygen under pressure,  w a s  subjected t o  t h e  
followirig t e s t s :  a r t e r i a l  blood pressure (on a sphygmooscillograph), ECG in /88
t he  t h r e e  standard l eads ,  plethysmogram f r o m  t h e  f inge r ,  and r e s p i r a t i o n  (on a 
pr,eumophotoelectroplethysmograph). We a l s o  determined t h e  f i e l d  of pe r iphe ra l  
vis ion on a portable  perimeter. 

We a l s o  calculated o t h e r  f ac to r s ,  including s t roke  volume (according t o  
S t a r r ) ,  minute volume, and pe r iphe ra l  r e s i s t a n c e  (according t o  Savitskiy).  

3. Under t h e  a c t i o n  of oxygen a t  1.3 a t m .  abs,  pressure,  a one-phase re
actior;  o f  t h e  cardiovascular system was observed i n  a l l  subjects .  The pu l se  
slowed (8 - 20 p e r  min), t h e  minute volume decreased (1.5 - 2.63 ltr), w h i l e  t h e  
d i a s t o l i c  pressure increased (by 2 - 22 mm Hg), and t h e  pe r iphe ra l  r e s i s t a n c e  
increased (by 5 l O  - 2150 dynes/cm /sec). These shifts remained constant during 
t h e  e n t i r e  time of oxyger! i nha la t ion  under pressure (up t o  3 hrs) .  Such changes 
i n  t h e  cardiovascular system may be regarded as an  adapt ive r eac t ion  of t h e  or
ganism d i r ec t ed  toward decreasing t h e  t r a n s f e r  of excess dissolved oxygen t o  
t h e  t i s s u e s .  

4 .  Under t h e  a c t i o n  o f  oqygen at  3.5 a t m .  abs. pressure,  t h e  adapt ive re
act ion of t h e  cardiovascular system (decrease i n  pu l se  rate by 12  - 28 beats/min, 
decrease i r ,  minute volume by 1.72 - 2.65 ltr,  inc rease  i n  pe r iphe ra l  r e s i s t a n c e  

-2 Presented a t  t h e  F i f t h  S c i e n t i f i c  Conference, i n  Memory o f  Academician L.A. 
Orbeli. 
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by 580 - 2320 dyres/cm’/sec e t c . )  l a s t e d  from 1 h r  20 mir ,  t o  2 h r  18 min. This 
was followed by a change i n  pu l se  i n  t h e  opposi te  d i r e c t i o n  ( 2  - 7 beats  p e r  /89
minute faster) and i n  minute volume ( inc rease  o f  0.28 - 0.65 l tr) .  The f i e l d  
of pe r iphe ra l  v i s ion  showed concentric narrowing. T h i s  w a s  accompavied by t h e  
first symptoms of ox;Tgen in tox ica t ion  (nausea, headache, dark spots  before  t h e  
eyes, etc.) .  

This meant t h a t  t h e  adapt ive phase of  t h e  react ion o f  t h e  cardiovascular 
system had given way t o  t h e  t o x i c  phase. 

5. Under t h e  e f f e c t  of higher oxygen p res su res  (4.0 a t m .  abs.), w e  also cb
served a two-phase r eac t ion  o f  t h e  cardiovascular system, with similar changes 
of t h e  paraneters.  The d i f f e rence  was t h a t ,  i n  sone of t h e  sub jec t s  who were 
most predisposed t o  oxygen in tox ica t ion ,  t h e  first adapt ive phase of t h e  reac
t ior .  w a s  b r i e f  (13 - 23 min) followed immediately by t h e  f irst  symptoms o f  oxy
ger, poisoning. 

60 The results, compared with t h e  l i t e r a t u r e  da ta ,  permit conclusions as 
t o  t h e  general  cha rac t e r  of r eac t ion  of t h e  human cardiovascular systm, i t s  
phasic course, and t h e  d i f f e rences  i n  i t s  manifestat ions under t h e  act ion of 
d i f f e r e n t  oxyger! pressures .  
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PHYSIOLOGICAL MECHANISMS OF THE CHANGES I N  RESPIRATORY 
KETABOLISM AND BODY TWERATURE DURING HYPOXIA 

K .P .Ivanov 
(Pavlov I n s t i t u t e  of  Physiology, USSR Academy of Sciences; 

Director:  Academician V.N.Chercigovskiy, Leningrad) 

1. Oxygen i s  a necessary element of l i f e ,  ar,d a decrease i n  i t s  content i n  
t h e  medium u l t ima te ly  l e a d s  t o  depression of metabolism and death. Lowering of 
t h e  r e s p i r a t o r y  metabolism and a drop i n  body temperature, however, a l r eady  oc
cur  a t  r e l a t i v e l y  moderate hypoxia. 

2. Two hypotheses can be advanced t o  explain t h i s  phenomenon. F i r s t ,  even 
a r e l a t i v e l y  small decrease ir! t h e  p a r t i a l  oxygen pressure i n  t h e  medium de
creases i t s  t ec s ion  i n  t h e  t i s s u e  c e l l s  t o  below t h e  t l c r i t i ca l l l  value. This 
leads t o  a decrease i n  t h e  rate of oxidation o f  t h e  r e sp i r a to ry  enzymes and in
volves a loweririg of t h e  r e s p i r a t o r y  metabolism because o f  t h e  i n s u f f i c i e n c y  of 
oxygen i n  t h e  t i s s u e s .  Second, hypoxia a c t s  pr imar i ly  on t h e  physiological  
regulatory mechanisms of r e s p i r a t o r y  metabolism and heat production o f  t h e  en
t i r e  organism. 

3. D e t a i l s  on t h e  f i r s t  hypothesis include: The c h a r a c t e r i s t i c  physical  
p rope r t i e s  of oxygen (Szent-Gyorgi , 1960), i t s  very low f f c r i t i c a l f tt ens ion  i n  
t h e  t i s s u e s  r e l a t i v e  t o  t h e  r a t e  o f  oxidation o f  cytochrome oxidase (Wentzler, 
19L1; E l l i o t  and Henry, 1946; Bender and Kise, 1955; Bronck, 1960; S h e r t l i n ,  
1961; ar.d o t h e r s  ) , t h e  available ca l cu la t ions  on t issue oxygen t ens ion  (Opti tz  
acd Schneider, 1950; TOVS, 1960; and o t h e r s ) ,  a d i r e c t  determination o f  t h e  re
s p i r a t o r y  metabolism of t h e  b r a i n  (Hirsch e t  al . ,  1955; 1961), and c e r t a i n  o the r  
da t a  a r e  used as b a s i s  f o r  t h e  hypothesis t h a t ,  i n  moderate hypoxia, t h e  lower
ir.g of  t h e  r e s p i r a t o r y  metabolism of t h e  e n t i r e  organism i s  independent o f  /91
t h e  d i r e c t  oxygen insu f f i c i ency  i n  t h e  t i s s u e s .  

I,. Details on t h e  second hypothesis comprise: Experimental results are 
given t o  prove t h e  depressive in f luence  of hypoxia on t h e  s p e c i f i c  thermoregula
t o r y  forms of muscular a c t i v i t y ;  c h i l l s  and "thermoregulatory tonust1. I n  vari
ous arimals, a d i s t i n c t  co r re l a t ion  w a s  noted between t h e  extent  o f  depression 
of these forms of muscular a c t i v i t y  and t h e  degree o f  lowering of t h e  respira
t o r y  metabolism and body temperature i n  hypoAa. The physiological  mechanisms 
of phenonena of t h i s  kind are discussed. Data are presented on t h e  d i r e c t  
s tud ie s  of t h e  funct ion of t h e  heat-regulatory cen te r s  i n  t h e  hypothalamus i n  
hypoxia (V.A.Konstantinov). The assumption i s  made t h a t ,  a t  a re la t ively low 
temperature o f  t h e  medium, t h e  primary cause o f  t h e  lowering o f  t h e  r e s p i r a t o r y  
metabolism and t h e  decrease i n  hea t  production of t h e  organism is  t h e  depression 
i n  chemical heat regulat ion.  

5. The changes i n  physical  heat  regulat ion i n  hypoxia are considered. 

6. 	 On t h e  basis of l i t e ra ture  data and experimental data  obtained i n  t h e  
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author's laboratory.  a general  scheme is presented f o r  t h e  d isorders  of  respira
t o r y  metabolism and heat exchange of  t h e  organism i n  hypoxia. 

.... . ..... 



EX�"I?ZI.ITALDATA 	 ON THE OXYGEX REGDE OF CERTAIN ORGANS 
IN TRAUKATIC SHOCK 

1.A.Il t inskiy and S.A.Seleznev 
(Leningrad First-kid Research I n s t i t u t e  imeni 1.I.Dzhanelidze; 

Di rec tor  : Prof essor G .D .Shushkov, Moscow) 

The oq.rgen regime of ind iv idua l  organs occupies an important pos i t i on  i n  
the  oxygen balance of  t h e  body; organs such as the  bra in ,  hea r t ,  l i v e r ,  kidneys, 
e tc .  range f i r s t  i n  this respect .  

I n  studying t h e  ox7,rgen balance of  t h e  organism in traumatic  shock, we in
vest igated t h e  l o c a l  c i r cu la t ion ,  t h e  u t i l i z a t i o n  o f  oxygen by t h e  bra in ,  l i v e r ,  
a d  kidneys, t he  oqJgen tens ion  i n  these  organs, and t h e  oxygen tens ion  of t he  
hear t .  The r e s u l t s  were cornpared with t h e  general  hemodynamic changes and with 
the  resp i ra t ion .  The l o c a l  c i r cu la t ion  was judged f r o m  t h e  flow i n  t h e  a f f e ren t  
or e f fe ren t  blood vessels .  The u t i l i z a t i o n  of oxygen was determined from the  
ar ter iovenous oxyger. d i f fe rence ,  ca lcu la t ion  of t h e  oxygen u t i l i z a t i o n  f ac to r ,  
or d i r e c t  ca lcu la t ion  o f  t h e  oqJgen uptake of t h e  organ. The oxygen pressure 
was measwed polarographical ly ,  using both the  c l a s s i c a l  method, with platinum 
and s i l v e r  chlor ide e lec t rodes ,  and the  @ s t e i n  system without b a t t e r i e s .  

>le found t h a t  hypoxia of t h e  c i r cu la to ry  type occurs i n  t raumatic  shock. 
The degree o f  hjrpoxla of t h e  var ious organs i s  not  uniform and i s  determined by 
the  f ea tu res  of l o c a l  c i r cu la t ion .  F i r s t  of a l l ,  as the  shock progresses,  t h e  
oxyger, rezime of t h e  kidneys i s  dis turbed,  followed by t h e  l i v e r ,  b ra in ,  and /JJ
heart .  

Tkus, t he  blood flow through the  kidneys decreases i n  t h e  to rp id  phase of 
shock t o  l e s s  than a t en th  of normal while t h e  oxygen u t i l i z a t i o n  f a c t o r  in
creases ,  and the  rena l  oxygen u t i l i z a t i o n  i s  badly dis turbed.  

The blood flow through t h e  l i v e r  decreases  i n  t h e  to rp id  phase by a f a c t o r  
o f  1 .5  while t h e  omjgen u t i l i z a t i o n  f a c t o r  increases ;  desp i t e  t h i s ,  t h e  oxygen 
tension in the  l i v e r  decreases  2 - 3 times below i t s  normal value. 

The o q g e n  tension i n  t h e  cerebra l  cor tex  decreases  markedly only i n  t h e  
terminal  phase of shock, although a reduction i n  c i r c u l a t i o n  appears considerab
l y  before  t h a t .  The oxygen u t i l i z a t i o n  f a c t o r  of t h e  b r a i n  increases  with in
creasing degree of shock. 

The owjgen pressure i n  t h e  hear t  was on t h e  whole highest  of  a l l  t h e  organs 
mentioned, and f luc tua ted  p a r a l l e l  t o  t h e  systemic arterial pressure,  i.e.,  
r i s i n g  i n  the  e r e c t i l e  phase of  shock, s t a b i l i z i n g  during i t s  torp id  phase, and 
decreasing as shock deepened. 
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ADAPTATION OF THE ATWETS HEART TO WORK DURING HYPOXIA 

F.A .Iordanskaya 
(Sector of A t h l e t i c  Medicine, Director :  Professor  S.P.Letunov; 

Central  Research I n s t i t u t e  f o r  Physical  Culture,  Director :  
Professor  A.V. Korobkov, Moscow) 

The adaptat ion of t h e  athlete's hear t  t o  mscular stress under condi t ions 
of oxygen s t a rva t ion  was studied: 1)during repeated work on t h e  b icyc le  ergo-
meter w h i l e  inha l ing  a low-oqygen gas mixture (15% oxygen, 85% ni t rogen) ;  2) 
a f t e r  a 100-m dash with voluntary r e t en t ion  of breath.  

During repeated work on t h e  b i cyc le  ergometer and during the  recovery peri
od, t h e  ECG (according t o  Nebb) w a s  taken synchronously with t h e  phonocardiogram, 
and t h e  arterial  pressure  was measured. After t h e  dash, t h e  ECG was taken i n  
t h e  th ree  standard l e a d s  and t h e  arterial pressure  was studied. The subjec ts  
were 63 athletes. I n  a l l ,  77 s tud ie s  were made i n  t h e  gas-mixture experiments, 
and 19 a t  t h e  a t h l e t i c  f i e l d  after the  event with breath-retent ion dash. Work 
with normal r e s p i r a t i o n  was used as t h e  cont ro l  of t h e  func t iona l  state of  t h e  
hea r t  during a t h l e t i c  workout. 

Under t h e  condi t ions of work during r e s p i r a t i o n  of a gas  mixture with 15% 
oxygen, t h e  blood oxygen sa tu ra t ion  in most of t h e  a t h l e t e s  (66%) f e l l  t o  
49 - 70%. It i s  w e l l  known t h a t  a dec l ine  i n  this sa tu ra t ion  t o  70 - LO% i s  ac
companied by symptoms of decompensation of t h e  body func t ions  ( s tage  I11 of hy
poxia according t o  A.Z.Kolchinskaya, 1963). During such hypoxemia t h e  athletes 
performed work of  a t o t a l  power of 9000 kg-m o r  more. 

During t h e  work under condi t ions of hypoxia, t h e  hea r t  r a t e  increased Lpz
continuously and reached 0.42 - 0.35 sec a t  t h e  end of t h e  t h i r d  minute. S imi la r  
work, while breathing normal air ,  was  accompanied by a s l i g h t  decrease i n  oxy
genation ( to  94 - 9B) and a somewhat slower h e a r t  b e a t  (RR 0.56 - 0.LO sec),  
During t h e  first 15  sec of work, t h e  hea r t  rate (as wel l  as t h e  s y s t o l i c  pres
su re )  w e r e  almost t h e  same, both with t h e  gas  mixture and w i t h  normal air. Ap
parent ly ,  t h e  conditioned-reflex mechanism, connected with muscular a c t i v i t y  i s  
of prime importance i n  t h e  i n i t i a l  increase  i n  hea r t  rate. I n  a number of sub
j e c t s  (13$), t he re  was a d i s t i n c t  impairment of t h e  rhythmby t h e  end of t h e  
work during t h e  second and t h i r d  r epe t i t i on :  an e x t r a s y s t o l i c  rhythm, and more 
o f t en  a ven t r i cu la r  one. I n  normal a i r ,  no ex t r a sys to l e s  were recorded a t  al l .  
After t h e  end of t h e  work under hypoxic conditions,  t h e  hea r t  rate slowed d i s 
t i n c t l y ;  i n  many of  t h e  subjects ,  during t h e  second minute of  recovery, an ar
rhythmia of t h e  na ture  of  a s inoaur icu lar  block was  noted. 

The PQ and QT i n t e r v a l s  shortened during t h e  work (PQ t o  0.10 - 0.09 sec,  
QT t o  0.23 - 0.20 sec).  Work under hypoxia w a s  accompanied i n  six subjec ts  by a 
lengthening of t h e  PQ i n t e r v a l  t o  0.21 - 0.23 sec. A s  a ru le ,  t h e  P and R waves 
were moderately higher (P up t o  1.5 - 2 mm, R up t o  ll - I 2  mm). 

During t h e  first minute o f  work under hypoxia, a considerable f l a t t e n i n g  of 
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t h e  T wave was noted, almost reaching t h e  i so- l ine  and even going beyond it i n t o  
the  negative and 2-phase (15$), followed by a r i s e  reaching t h e  i n i t i a l  l e v e l  
by t h e  end of t h e  work and be ing , 'by  t h e  second minute of recovery, twice as 
high as the  i n i t i a l  l e v e l  o r  even higher. The blood-oxygen curve forms a L% 
pecu l i a r  "scissors" w i t h  t h e  curve of va r i a t ion  of t h e  height  of t h e  T wave. 
During work i n  normal a i  , t h e  change i n  t h e  height of t h e  T wave d i f f e red  sub
s t a n t i a l l y .  By the  end f work under hypoxia, a number of  subjec ts  showed s igns 
o f  impairment of t h e  blood supply, a decrease of t h e  S-T i n t e r v a l  t o  
1.5 - 2 m. 

Xuscular work under hypoxia w a s  accompanied by a pronounced r i s e  i n  s y s t o l i c  
pressure t o  170 - 180 mm, and i n  some sub jec t s  t o  200 - 210 mm; with normal a i r  
breathing,  t h e  r ise i n  s y s t o l i c  pressure  was about t h e  same, o r  10 - 1 5  mm less. 

Work under hypoxia w a s  accompanied by a marked cont rac t ion  of t h e  mechanical 
sys to l e  t o  0.19 - 0.17 sec. Very+often t h e  second hea r t  sound appeared about 
0.05 - 0.m sec before  t h e  end of  t h e  T wave (Hegglin syndrome). Evidently, t h e  
r e p e t i t i o n  of t h i s  syndrome i n  healthy subjec ts  cannct be  explained by an 
7tenergetic-dyynamic1?card iac  insuf f ic iency .  Presumably, it i s  not due t o  weaken
ing  of t h e  v e n t r i c l e s  b u t  t o  an inc rease  i n  t h e  s t roke volume of  t h e  hea r t  or t o  
henodpami c d i  sturbances. 

The work "to exhaustion" a t  t h e  end of t h e  muscular a c t i v i t y  ( l a s t i n g
LO - 120 s e c )  permitted ul add i t iona l  determination of t h e  reserve powers of t h e  
a t h l e t i c  hear t  t o  work under hypoxia conditions.  

After a 1OGn dash, with brea th  r e t en t ion  (repeated 1 0  - 15 t imes)  t h e  
hea r t  bea t  was acce lera ted  t o  0.LO - 0.L5 sec /bea t  bu t  w a s  no f a s t e r  than after 
t h e  same m s  with normal r e sp i r a t ion .  A s  t h e  runs w e r e  repeated, high and 
s t a b l e  hear t  bea t  va lues  and a rise i n  s y s t o l i c  pressure were noted i n  50% of 
the  subjects.  Iiowever, t h e  ECG taken immediately a f t e r  t h e  exer t ion  with brea th  
r e t en t ion  showed c e r t a i n  p e c u l i a r i t i e s ,  apparently due t o  t h e  inf luence of 
t he  hypoxic f a c t o r  on t h e  hea r t :  moderate slowing of t h e  precordial-ventr icular  
conduction, sharp r i s e  i n  t h e  height  of t h e  P wave ( t o  L nun) and f l a t t e n i n g  o f  
the  T wave; only  i n  t h r e e  subjec ts  did we note  an invers ion  of t he  S-T i n t e r v a l  
by 1.5 - 2 mm and a passage of t h e  previously pos i t i ve  T3 wave t o  t h e  negative 
s ide.  

Thus, t h e  adapta t ion  of  t h e  a t h l e t i c  hea r t  t o  work under extensive hypo
oxemiawascharacterized by c e r t a i n  f ea tu res  of t h e  processes  of exc i t a t ion  and 
by changes i n  t h e  biochemical processes i n  t h e  myocardium. On t h e  whole, i n  
s p i t e  of t h e  slowness i n  t h e  development of adaptat ion noted i n  many subjec ts ,  
we may speak of high compensatory and reserve powers of t h e  a t h l e t i c  hea r t  i n  
i t s  f i g h t  aga ins t  hypoxia. 
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FEATURES OF 	THE OXYGEX REGIME In!VARIOUS FIUSCLES I F J  VIVO, 
OF CERTAIN SPZCIES OF RODEKTS 

L,A.Isaalan 
(Group f o r  Physiology of  G a s  Exchange, Group Leader: Professor  

R.P .Olhyanskaya; Pavlov I n s t i t u t e  o f  Physiology, USSR 
Academy of Sciences, Director :  Academician V.N.Chernigovskiy, 

Leningrad ) 

Veqy few methodological v a r i a n t s  of t h e  study of ox ida t ive  processes  i n  
t i s s u e s  i n  vivo are i n  existence.  Judging from t h e  l i t e r a t u r e ,  t he  e lec t ro
chemical methods of  gas ana lys i s  a r e  very promising i n  t h i s  respect .  ‘de used 
the  p r inc ip l e  o f  electrochemical measurement o? oxygen f o r  a comparative e s t i 
mate of t h e  oxygen tens ion  in var ious  muscles of  i n t a c t  animals (white rats and 
golden hamsters), i n  both acute  and chronic eqe r imen t s .  

A gold-iron e lec t rode  couple i s  used f o r  measuring t h e  oqygen tens ion  i n  
the  muscles. The e lec t rodes ,  made and ca l ib ra t ed  i n  t h e  Laboratory, giving con
cordant and reproducible values  of t h e  d i f f u s i o n  flow of oqygen, were in se r t ed  
i n  var ious muscles. The cur ren t  w a s  recorded on t h e  paper tape  of a s e r i e s  BD 
micrograph. The f e a t u r e s  of  t h e  oxygen regime i n  var ious muscles (masseter, 
t rapez ius ,  as wel l  as t r i c e p s  muscle of t h e  shoulder, biceps muscle o f  t h e  femur) 
were studied during rest, a t  predetermined oxygen loads  (oxygen t e s t )  and under 
the  ac t ion  of agents  decreasing and increas ing  t h e  r a t e  of ox ida t ive  processes 
i n  the  t i s sues .  

The oyygen tens ion  i n  t h e  t i s s u e s  i s  one of t h e  ind ices  of t h e  i n t e n s i t y  
of  t he  oxida t ive  processes tak ing  place there .  The higher t h e  metabolism i n  & 
the  t i s sues ,  t h e  lower - o the r  condi t ions being equal - w i l l  be t h e i r  oxygen 
tension and v i ce  versa.  From t’nis poin t  of  view, t h e  r e l a t i v e  est imate  of t h e  
oxygen tens ion  i n  t h e  var ious muscles gives  an idea  as t o  t h e  i n t e n s i t y  and 
topography of t h e  metabolism i n  t h e  muscular system. I n  our  s tud ie s ,  we found 
a c e r t a i n  mosaic of oxygen regimes (oxygen t e n s i o n s )  i n  t h e  var ious  muscles. In  
t h e  masseter and t r apez ius  muscles we noted low values  of t h e  b a s i c  background 
of oxygen tension and lower values  f o r  t h e  oxygen t e s t .  In  t h e  t r i c e p s  muscle 
of t h e  shoulder and t h e  biceps muscle of t h e  femur, on t h e  o the r  hand, t h e  oxygen 
l e v e l  and t h e  reac t ion  t o  t h e  oxygen t e s t  were  high, These d i f f e rences  are 
s t a t i s t i c a l l y  r e l i a b l e  and w e r e  evident ly  connected with t h e  higher u t i l i z a t i o n  
of oxygen (high l e v e l  of r e sp i r a to ry  metabolism) i n  t h e  muscles of t h e  head and 
neck and l e s s  rapid use of oxygen i n  t h e  muscles of t h e  limbs. 

The topographic f ea tu res  of  t he  omjgen regime, observed i n  vivo i n  t h e  
muscular system, a r e  in agreement with t h e  r e s u l t s  of our in -v i t ro  experiments 
performed i n  co l labora t ion  with Z.S.Aresheva, A.R.Makarova, and k.I.Shcheglova, 
by the  Warburg method, The i n t e n s i t y  of r e s p i r a t i o n  of homogenates of t he  mas
s e t e r  and t rapez ius  muscles i n  white rats and golden hamsters i s  1.5 - 2 times 
as g rea t  as i n  t h e  muscles of t h e  femur and shoulder. Under these  conditions,  
the  f ea tu res  of  t h e  enzymatic r e sp i r a to ry  systems already appear, and i t  i s  un
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necessary t o  consider t h e  inf luence of hemodynamic f a c t o r s  which may occur under 
in-vivo conditions. Ldithout denying t h e  p o s s i b i l i t y  of such changes, t he re  i s  
s t i l l  no reason t o  assume t h a t  t h e  p e c u l i a r i t i e s  of t h e  oxygen regime i n  var ious 
muscles of i n t a c t  animals are determined pr imar i ly  by t h e  spec i f i c s  of t h e  circu
l a t i o n  i n  them. A r e l a t i v e  est imate  of oxygen u t i l i z a t i o n  i n  muscles with vary
ing  blood supply shows t h a t  t h e  changes i n  p02 and the  c i r cu la t ion  do not  neces
s a r i l y  proceed i n  t h e  same d i r ec t ion .  I n  t h e  muscles of t he  neck, where t h e  
c i r cu la t ion  increases ,  i.e., where t h e  inf low of  oqrgen from outs ide  increases ,

/100 
t he  oqger!  tension i s  lower than i n  muscles with l e s s  in tense  c i r cu la t ion .  The 
l a t t e r  contain more f r e e  oyygen, i n  s p i t e  of t h e  smaller inflow. 

The p r i m a q  reason f o r  t h e  d i f f e rence  i n  thep021eve l  i n  these  muscles 
evident ly  does Rot l i e  i n  t h e  p a r t i c u l a r i t i e s  of t h e  c i r c u l a t i o n  but  i n  t h e  
character  of  t he  metabolism i n  t h e  muscles. It can be  assumed t h a t  t h e  var ious 
muscle groups have d i f f e r e n t  energy po ten t i a l s .  The d e f i n i t e  mosaic of t h e  
metabolism t h a t  has been found apparent ly  r e f l e c t s  t h e  enzymatic b a s i s  of t h e  
t i s s u e  energ7 mechanisms, maintaining homeostasis i n  t h e  organism. 
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THEORY OF OXYGBJ DYTLMIICSI r J  TISSUES OF 
THE LIVING ORGANISM 

Ye.A.Kovalenko 
Noscow 

In  t h i s  paper, t h e  o q g e n  t r anspor t a t ion  pathway i s  represented as a con
t inuously descending casctzde of  l e v e l s  of  p a r t i a l  o q g e n  pressures  i n  t h e  alveo
li, t h e  a r t e r i a l ,  cap i l l a ry ,  aEd venous blood, and i n  t h e  t i s sues .  

The fundamental p ropos i t ions  of t h e  theory of  gas  d i f fus ion  i n  the  l i q u i d  
and so l id  media of t h e  organism a r e  given, including t h e o r e t i c a l  and experi
mental da ta  on t h i s  sub jec t  ava i l ab le  a t  the present  time. 

Concepts on t h e  p r i n c i p a l  b a r r i e r s  i n  t h e  path of oxygen from the  atmos
phere t o  t h e  c e l l s  of t h e  organism. The d i f f e rence  i n  p a r t i a l  o q g e n  pressure  
between t h e  a l v e o l i  and t h e  atmosphere i s  considered; present  da ta  on alveolar-
a r t e r i a l ,  cap i l la ry- t i ssue ,  and lympho-cellular oxygen gradients .  

Present i deas  on t h e  s p a t i a l  and geometric pos i t i on  of t h e  c a p i l l a r i e s  i n  
t h e  surrounding t i s s u e s .  Model of t i s s u e  c a p i l l a r y  cy l inder  a s  one o f  t he  pr in
c ipa l  t h e o r e t i c a l  models used f o r  t h e  ana lys i s  of gas  d i f fus ion .  

Pr inc ipa l  forms of O2 d i f f u s i o n  i n  t h e  t i s sues .  Radial and longi tudina l  
d i f fus ion  and s igni f icance  i n  a r t e r i a l  and venous hypoxia. Levels o f  oxygen 
tension a t  t h e  edge of  t h e  t i s s u e  c a p i l l a r y  cy l inder  and t h e i r  importance i n  tne  
development of t i s s u e  hypoxia. 

Idea of t h e  " c r i t i c a l "  l e v e l  of oxygen tension as t h e  primary f a c t o r  l i m i t 
i n g  the  r e sp i r a t ion  of t h e  enzymatic systems. 

Modern hypotheses of t i s s u e  hypoxia and anoxia of t h e  organism, from t h e  
viewpoint of d i f f u s i o n  theory. 

Discussion of l e v e l s  of oxygen tens ion  i n  t h e  t i s s u e s  after inha la t ion  /102
of low-oyygen, high-C02 gas mixtures. 

Certain f e a t u r e s  o f p &  dynamics i n  t h e  t i s s u e s  during hypoxic and c i rcu la
to ry  hypoxia. Connection between bas i c  func t iona l  d i so rde r s  i n  the  organism 
with the  l e v e l  of t h e  mean-tissue and mini" oxygen tension. 

Tecbaique of polarographic determination of ox2Wn as t h e  primary method of 
i n  vivo study of t h e  continuous d:,mamics of oxygen i n  t h e  t i s s u e s  of t h e  
organim. 
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THE ROLE OF HEMODYNAMICS I N  TKE FLEWLATIOX OF THE OXYGEXT REGIME m 
$1.M .Koganovskaya 


(Laboratory of Age-Group Physiology; Chief: N.V.Lauer, M.D. 

A.d.Bogomolfts I n s t i t u t e  of Physiology, UkrSSR Acadeqy 

of Sciences; Director: A.F.Makarchenko, Academician 
UkrSSR Acadeqy of Sciences, Kiev) 

During phylogenesis and ontogenesis, constant values o fp02  and q02, which 
are t h e  parameters of the  oxygen regime of the  organism, are established i n  the  
alveolar  a i r  and i n  the  ar ter ia l  and venous blood. The values of these para
meters, which decrease as the  oxygen passes from the  alveolar  a i r  t o  the  venous 
blood, form a stepwise descending s e r i e s  of height and steepness which, on the  
one hand, i s  determined by t h e  rate of oxygen consumption i n  the  t i s sues  and by 
the  oxygen content of t he  surrounding m e d i u m  and, on the  o ther  hand, by the  func
t iona l  capabi l i ty  of t he  oxygen t ransport  systems. 

A study of oxygen metabolism, as a process taking place i n  a de f in i t e  regime 
(M.V.Lauer and A.Z.Kolchinskaya), pennits a quant i ta t ive estimate of the  ro l e  of 
each of the  components of t he  oxygen t ransport  system i n  the adaptation of t h e  
organism t o  conditions of varying p02 i n  the  surrounding medium and t o  the muscu
l a r  load, o r  t o  other  f ac to r s  t h a t  modify t h e  oxygen regime of t h e  organism. 

The in t eg ra l  index, characterizing the  supply of oxygen, i s  the  quantity of 
oxygen supplied by the  c i rcu la t ing  blood t o  the  t i s s u e s  i n  u n i t  time (qOza). A t  
constant ar ter ia l  blood oxygen l eve l ,  q02a i s  a function of t he  cardiac output 
per  minute (COK). A t  decreasing p02 i n  the  surrounding medium, the  amount of /1OL 
oxygen delivered by the  blood in  1m i n  t o  t he  t i s sues  depends both on the  varia
t ions  i n  the  COM and on the  var ia t ions  i n  oxygen l eve l  of t h e  a r t e r i a l  blood, 

Thus, the value of  t he  CON en ters  a s  a component i n  a l l  indices  characteriz
ing  the  oxygen-transport function of t he  circulat ion,  i t s  in tens i ty ,  effective
ness, and economy. A comparative analysis  of  these indices  can be used both f o r  
the age-related characterization of the  ro l e  of hemodynamics i n  the  regulation 
of oxygen u t i l i z a t i o n  ( O U )  and f o r  conditions of hypoxia. 

A quant i ta t ive approach t o  the  evaluation of t he  ro l e  of hemodynamics i n  
the regulation of t h e  oqygen regime i n  animals of d i f fe ren t  age groups can be 
i l l u s t r a t e d  by our experimental data  obtained i n  collaboration with N.V.Lauer, 
A.Z.Kolchinskaya,V.V.Turanov, K.M.Seredenko on dogs of medium age and on puppies 
under conditions of normal oxygen content i n  the  inspired a i r  and of inhalat ion 
of hypoxic mixtures. 

A comparison o f  t he  conditions of a r t e r i a l i z a t i o n  and deoxygenation of 
blood i n  dogs of middle age and i n  3 week old puppies has shown t h a t  t he  a r te r io
venous gradient o f p 0 2  i s  higher i n  the  puppy than i n  the  adu l t  dogs since, be
cause of the  more intense oxygen consumption of the  puppy t i s sues ,  t he  pOa of 
the  venous blood i s  considerably lower than in adul t  dogs. The arteriovenous 
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gradient  shows p r a c t i c a l l y  no d i f f e rence  from t h a t  of a d u l t  dogs. This  can be 
explained by t h e  higher  v e l o c i t y  o f  c i r c u l a t i o n  i n  puppies, decreasing t h e  /I@
arteriovenous d i f f e rence  and compensated by t h e  more in t ense  oxygen consumption. 
The oxygen capaci ty  ( O C )  of t h e  blood i n  very young puppies i s  lower than i n  t h e  
blood of a d u l t  dogs and, d e s p i t e  t h e  high oxygen l e v e l  of  t h e  arterial  blood, 
i s  s t i l l  lower i n  vol.$ than i n  middle age. 

The above-described condi t ions of a r t e r i a l i z a t i o n  of t h e  blood i n  t h e  lungs 
and oxygen consumption of t h e  t i s s u e s  a r e  l ikewise  f a c t o r s  t h a t  determine t h e  
blood c i r cu la t ion  as wel l  as t h e  amount of oxygen de l ivered  i n  u n i t  time t o  t h e  
t i s sues .  

A comparison of t h e  amount of  oxygen, de l ivered  t o  t h e  t i s s u e s  i n  u n i t  
time by the  blood (qOza) i n  a d u l t  dogs and i n  3 week old puppies, i n d i c a t e s  t h e  
na tura l  r i s e  i n  this value w i t h  age. However, a comparison of t he  i n t e n s i t y  o f  
t h e  oxygen-transport funct ion of  hemodynamics i n  a d u l t  dogs and i n  puppies 
shows t h a t ,  i n  puppies, t h e  CON and t h e  amount of oxygen del ivered p e r  kilogram 
of body weight p e r  minute i s  g r e a t e r  than i n  a d u l t  dogs, so t h a t  t h e  i n t e n s i t y  
i s  a l so  higher. 

To some exten t ,  t h e  e f f i c i ency  of t h e  oxygen-transport funct ion of hemo
dynamics can be estimated from t h e  i n t e r r e l a t i o n s  between the  amount of  o q g e n  
del ivered by the  blood t o  t h e  t i s s u e s  and t h e  amount of oxygen consumed by the  
l a t t e r ,  A comparison of t h e  e f fec t iveness  of t h e  oqJgen-transport funct ion i n  
puppies and a d u l t  dogs ind ica t e s  t h e  higher  e f f ec t iveness  of t h e  blood stream 
i n  puppies; i n  a d u l t  dogs, t h e  blood stream, i n  u n i t  time, d e l i v e r s  fou r  times 
a s  much oxygen t o  t h e  t i s s u e s  as required,  while it de l ive r s  only twice a s  
much i n  t h e  case of puppies, 

A ce r t a in  idea  as t o  t h e  economy of  t h e  oxygen-transport funct ion of 
t he  blood can be obtained from t h e  value of t h e  hemodynamic equivalent ,  which
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i nd ica t e s  t h e  quan t i ty  of blood required f o r  t h e  consumption o f  one l i t e r  of 
oxygen. The hemodynamic equivalent  i n  medium-age animals and i n  puppies l i e s  
approximately i n  t h e  same range. T h i s  i s  explained by t h e  f a c t  t h a t ,  i n  puppies 
w i t h  t h e i r  more in t ense  blood flow, t h e  oxygen consumption of t he  t i s s u e s  i s  
a l so  higher than i n  adu l t  dogs, so t h a t  t he  r a t i o  between these  two va.lues 
changes only s l i g h t l y ,  

Another quan t i ty  which, t o  a c e r t a i n  ex ten t ,  may charac te r ize  t h e  econoqy 
of hemodynamics i n  i t s  funct ion of carrying'oxygen t o  t h e  t i s s u e s ,  i s  t h e  oxy
gen pulse or ,  i n  o the r  wo1"C1sy t h e  oxygen e f f i c i ency  of t h e  e j ec t ion  period 
( the  r a t i o  of oxygen consumption p e r  minute t o  t h e  hea r t  r a t e ) ,  The oxygen ef
fec t iveness  of t h e  sphygmic period increases  with age, s ince  t h e  hea r t  rate 
slows on aging. 

A quan t i t a t ive  ana lys i s  of  t h e  r o l e  of hemodynamics i n  t h e  regula t ion  of 
t h e  oxygen regime ind ica t e s  t h a t ,  dur ing t h e  e a r l y  s tages  of l i f e ,  hemodynamics 
plays a spec ia l  r o l e  i n  sa t i s fy ing  t h e  high o q g e n  demand of t h e  t i s sues .  De
s p i t e  t he  r e l a t i v e l y  l o w  oxygen capaci ty  of t h e  blood, t h e  de l ive ry  of oxygen 
t o  t h e  t i s s u e s  by means of a stepped-up and e f f e c t i v e  c i r cu la t ion  completely 
meets t h e  l a r g e  oxygen requirements o f  t h e  t i s s u e s  a t  this age, 
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Under the  condi t ions of  oxjgen def ic iency,  t h e  ro l e  of t h e  funct ional  
systems i n  the  OU regula t ion  i s  even more d i s t i n c t .  With vary ingp02 i n  t h e  
atmosphere, a complex of compensatory r eac t ions  appears i n  t h e  organism, so as  
t o  maintain the  oxygen consumption, as f a r  as possible ,  a t  or near  t h e  o r i g i n a l  
l eve l .  Studies  on human subjec ts  and animals have shown t h a t  t he  circula- /lG7 
to ry  system responds t o  a f a l l  i n ~ C 1 ~of  t h e  ambient medium by an  acce lera t ion  
of t h e  pulse ,  by increase i n  minute volume, and by a s l i g h t  r i s e  i n  blood pres
sure (Dripps and Comroe, 1947; Grolfman, 1932; Lutz and Schneider, 1919; Opitz, 
1950; Asinussen and Chiodi, 191d; Rahn and Otis ,  1947; Yegorov, l 9 W ;  Albers and 
Juzinger,  1956; Harrison and Blalock, 1927; Nagaya and o thers ,  1954; Baird,  
B'dhm and Eowell, 1953; Gorlin and L e w i s ,  195)'; Harliman and Wiggers, 1953; 
Leuzen and DeNaistre, 195L; Stroud and Conn, 1954; Stroud and Rahn, 1953; 
Saz i lev ich  and Turovets, 1938; Shik e t  al., 1940; and many others) .  

iiowever, desp i t e  t h e  l a r g e  number of  i nves t iga t ions  made, t h e  l i t e r a t u r e  
does not answer t h e  quest ion as  t o  what causes the  organism t o  increase t h e  
blood c i rcu la t ion ,  i n  the  sense of increas ing  t h e  oxygen supply. We have at
tempted t o  do t h i s ,  us ing da ta  obtained a t  the  Laboratory of M.V.Lauer on dogs 
under chloralose narcosis ,  subjected t o  increas ing  acute  hypoxia. 

A s  an exam-ple, l e t  u s  consider t h e  reac t ion  of hemodynamics i n  t h e  medium-
age dog !:0.17, i n  which hypoxic gas mixtures (16.2$, 12.7%, 9.674, 7.5%, 5,5% 
oxygen i n  n i t rogen)  were administered. A s  soon as a r a t i o  of 16.2% O2 w a s  
reached (P:,G2 = 119 mm 2 g )  t ne  COI4 a l ready increased t o  210 m t .  T h i s  increase  
was due t o  the  increase  of t he  s y s t o l i c  output,  s ince  t h e  pulse  r a t e  d i d  not  
change. Such a -higher COT4 provided t h e  body with an addi t iona l  17 I& of oxygen 
per  minute, leading t o  a somewhat g r e a t e r  oxygen consumption. A f u r t h e r  de
crease i n  p02 i n  t h e  insp i red  a i r  was accompanied by a f u r t h e r  drop in '  oxygen 
l e v e l  or" the  a r t e r l a l  blood and an increase  i n  CON. On inha la t ion  of a gas /lE
mixture w i t h  12.7;; O 2  (P,02 = 95 mm Hg), t h e  COM increased by a f u r t h e r  190 A, 
bu t  t h i s  resu l ted  only i n  an addi t iona l  7 d oxygen. On continuing drop i n  t h e  
p z r t i a l  oqJgen pressure,  although the  COM remained a t  a high l e v e l  for a c e r t a i n  
period o f  time (because of t he  reac t ion  o f  pulse  acce le ra t ion ) ,  t he  amount of 
osjgen del ivered per  minute by t h e  blood t o  t h e  t i s s u e s  already declined t o  
57 mL/min which, a t  t h e  almost unchanged l e v e l  of oxygen consumption, suggests 
a dis turbance of t he  equilibrium between suppl-r and consumption of oxygen, k 
f a l l  i n  P102 t o  lL5mm Kg causes an upward jump i n  CON. Thus, t h e  sharp decrease 
i n  t h e  oxygen l e v e l  of t h e  a r t e r i a l  blood makes t h i s  extreme stress of  hemo
dynamics incapable of increas ing  t h e  oxygen supply. 

The s igni f icance  of t h e  increase  i n  CON i n  hypoxia can a l s o  be estimated 
by a f a c t o r  showing how many times t h e  increase  i n  COM increases  t h e  oxygen 
car r ied  by t h e  blood t o  t h e  t i s s u e s  i n  uni t  t i m e ,  as hypoxia progresses. I n  
t h e  experiments discussed here, theqO?a was2lL4rrR 4for inha la t ion  of normal 
air. A s  soon as t h e  P102 declined t o  95 mm Eg, t h e  value of q02a reached 
26C mL, i.e., w a s  somewhat above t h e  i n i t i a l  l eve l .  This w a s  due t o  t h e  r i s e  
i n  CON. If it had not  been f o r  t h i s  r i s e ,  then t h e  qOza a t  this PIG2 would have 
been only 193 me. Thus, an increase  i n  t h e  volume of blood i n  t h e  c i r c u l a t i o n  
increased t h e  supply of  o v g e n  t o  t h e  t i s s u e s ,  d e s p i t e  t h e  developing hypoxemia, 
by a. f a c t o r  of  1.3, which helped t o  maintain t h e  supply of  oxygen t o  t h e  t i s s u e s  
a t  a l e v e l  c lose t o  i t s  o r i g i n a l  value. 



Puppies, a t  an e a r l y  age, lack the  r eac t ion  of  compensatory i n t e n s i f i - /109
cat ion of funct ions i n  hypoxia. A t  n o m l p 0 2  i n  t h e  insp i red  a i r ,  both CON and 
9 0 s  show maximum values;  as hypoxia develops fu r the r ,  pulse  r a t e ,  blood pres
sure,  and COH dec l ine  gradually,  co r re l a t ing  w i t h  t h e  observed dec l ine  i n  oTTgen 
cor,sunrption by t h e  t i s s u e s  i n  hypoxia (N.V.Lauer, 1959, and o thers ) .  

Based on t h e  above examples, we attempted t o  answer t h e  question as t o  t h e  
f a c t o r s  t h a t  a r e  a b l e  t o  i n t e n s i f y  t h e  c i r cu la to ry  func t ion  i n  hypoxia, so as t o  
maintain the  assigned values  of t h e  parameters of oxygen u t i l i z a t i o n .  We have 
seen t h a t ,  i n  i t s e l f ,  an i n t e n s i f i c a t i o n  of funct ion y i e l d s  no information on 
the  e f fec t iveness  of  t h e  adapt ive reac t ion ,  and only an evaluat ion of  t he  mount  
of addi t iona l  oxygen produced by an i n t e n s i f i c a t i o n  of funct ion will y ie ld  ari 
answer t o  t he  quest ion whether t h e  dynamic equilibriuin between demand and supply 
of oxygen t o  t h e  t i s s u e s  i s  maintained o r  impaired. 
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THE REGULATION OF THE OXYGm RM;IME / n o  
A. Z. Kolchinskaya, N .V .Lauer, and Ye.  A. Shkabara 

(A.A.Bogomolfts I n s t i t u t e  of  Physiology, 
UkrSSR Academy of Sciences, Kiev) 

The concept t h a t  oxygen exchange i n  t h e  body i s  regulated d a t e s  back t o  the  
discovery of t h e  energe t ic  r o l e  of oxygen i n  physiological  processes and t o  the  
experimental proof of i t s  p a r t i c i p a t i o n  i n  maintaining l i f e  and varying t h e  func
t i o n s  of t he  physiological  system of  t h e  organism (Baire,  1878), a l l  of  which 
are d iscover ies  which r a d i c a l l y  modified the  ideas  of r e s p i r a t i o n  t h a t  were then 
commonly accepted. 

Within wide limits, oxida t ion  does not depend on t h e  rate of oxygen supply 
through the  blood bu t  on t h e  physiological  demands of t h e  body (Pf lcger )  and i s  
regulated w i t h  amazing accuracy i n  accordance with t h e  amount of energy consumed 
by t h e  organism (Rubner, 1903). These f ind ings  suggested t h a t  t h e  oxygen demand 
of t h e  t i s s u e s  w a s  t he  f a c t o r  con t ro l l i ng  i t s  de l ive ry  t o  there .  

Respiration, i n  t h e  broad sense o f  t he  word, began t o  be  considered as a 
mult is tage process,  e s s e n t i a l l y  oxidat ion,  with t h e  fundamental mission of con
t r o l l i n g  t h e  supply of oxygen t o  t h e  organism and t h e  removal of carbon dioxide 
from it, i n  acconlance w i t h  physiological  requirements (Haldane, 1922). 

However, desp i t e  t he  general  recogni t ion t h a t  t h e  physiological  reqcire
nents  operate  a s  t h e  con t ro l l i ng  f ac to r ,  t h e  t rend of development taken by the  
concepts on regula t ion  of  r e sp i r a t ion ,  c i r cu la t ion ,  and t h e  red blood system, 
supplying oxygen t o  t h e  t i s s u e s ,  tended r a t h e r  t o  consider these  r e g u l a t o T  /111 
mechanisms by themselves, a r t i f i c i a l l y  and schematically detached from the  de
mands of t he  metabolism. 

There can be no doubt t h a t  t he  extensive progress obtained i n  a r e l a t i v e l y  
shor t  time by t h e  doc t r ine  of r e f l e x  and humoral regula t ion  of r e sp i r a t ion  and 
c i r cu la t ion ;  t h e  accumulation of evidence on t h e  f i n e  anatomical and func t iona l  
i n t e r r e l a t i o n s  of t he  c e n t r a l  and per iphera l  nervous s t r u c t u r e s  p a r t i c i p a t i n g  i n  
the  regula t ion  of t h e  phys ica l  funct ions;  t h e  int imate  mechanisms of t hese  i n t e r 
r e l a t i o n s ;  t h e  ac t ion  of var ious  chemical agents,  including o q g e n  and carbon 
dioxide,  on t h e  c e n t r a l  and pe r iphe ra l  nervous s t ruc tu res ;  a l l  of these  l a i d  a 
firm foundation f o r  t h e  idea  of  t h e  automatic cont ro l  of physiological  functions.  

The discovery of t h e  chemoreceptors of t h e  ca ro t id  and a o r t a l  s inuses  as 
the  major r egu la to r s  of  r e s p i r a t i o n  and c i r cu la t ion ;  t he  advances made by t h e  
doc t r ine  of chemoreception as a whole; t h e  discovery of t h e  chemoreceptors of 
t h e  venous bed and of t h e  t i s s u e  chemoreceptors,all s t rongly  confirm t h e  p a r t i c i 
pa t ion  of  chemical agents  i n  t h e  regula t ion  of r e s p i r a t i o n  and c i rcu la t ion .  

The r o l e  of owgen i n  t h e  regula t ion  of r e sp i r a t ion  and c i r c u l a t i o n  began 
t o  be recognized i n  b s e n t h a l v s  time. H e  s t i pu la t ed  t h e  e d s t e n c e  of what we 
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know today as feedback i n  automatic cont ro l  theory,  between t h e  oxygen satura
t i o n  of t h e  a r t e r i a l  blood and resp i ra t ion .  

The discovery by Hering, Anichkov, Moiseyev, Heymans, and o the r s  of  reflexes 
t o  r e sp i r a t ion  from t h e  chemoreceptors of t h e  ca ro t id  and a o r t i c  s inuses ,  t h e  
electrophysiological  proofs  of t h e  ac t ion  of t h e  p a &  on these  receptors  /112 
(Heymans, Ryland, Bock, S t e l l a ,  N e r ,  S o t t e m n ,  Witzlzb, Ba r t e l s ,  Budde, Fochi
zuki and o t h e r s )  and the  proof of  t h e  except ional  r o l e  of t h e  chemoreceptors of 
j u s t  these ca ro t id  and a o r t i c  zones i n  the  regula t ion  of  ex terna l  r e sp i r a t ion  in 
hypoxia (Asmussen, Chiodi, Marshak, Ardashnikova, Shik, Kulik, and o t h e r s )  con
f i rm the  idea  t h a t  oxygen p lays  a r o l e  i n  t h e  reflex self-regulat ion o f  respira
t ion ,  not  only in hypoxia bu t  a l s o  a t  normal oxygen content of t h e  insp i red  air. 

Many s tud ie s  have shown t h a t  t h e  oxygen parameters over t h e  e n t i r e  path of 
t he  o q g e n  exchange i n  t h e  organism possess a regula t ing  inf luence on t h e  sys
t e m s  supplying oxygen t o  t h e  t i s s u e s ,  i.e., t h a t  it i s  not  only t h e  p a r t i a l  
oxygen pressure i n  t h e  a r t e r i a l  blood but  a l s o  t h e  PI O2 ( t h e  p a r t i a l  oxygen 
pressure i n  t h e  i n sp i r ed  air ,  i n  t h e  a l v e o l i ,  t h e  oxygen tension i n  t h e  venous 
blood, and apparent ly  a l s o  i n  t h e  t i s s u e s )  t h a t  exer t  a cont ro l  ac t ion  on t h e  
funct ional  systems supplying oxygen t o  t h e  t i s s u e s .  

Ever s ince PflGger and b n e n  (1868) showed t h a t  an excess of CO,, i f  not 
too grea t ,  has t h e  same e f f e c t  as an oxygen def ic iency  i n  exc i t i ng  t h e  resp i ra 
to ry  center,  and ever  s ince Kichet-Ruche ( X 8 5 )  showed i n  an experiment w i t h  
h . m  subjec ts  t h a t  a s l i g h t  increase  i n  C02 i n  t h e  a i r  i n t e n s i f i e s  r e sp i r a t ion  
while a similar decrease i n  oxygen does not  s t imula te  it, Le . ,  t h a t  t h e  cheri
ca l  regulat ion of r e s p i r a t i o n  i s  determined by t h e  C02 content of t h e  a i r  r a t h e r  
than by oxygen content,  carbon dioxide and oxygen have been r i v a l s  f o r  recogni
t i o n  as regula tors  of resp i ra t ion .  

The exis tence of COS r e f l exes  i n  t h e  lungs themselves, as  predicted by 
Donders and Rosenthal who postulated t h a t  C 0 2  could e x c i t e  spec ia l  chemoreceptors 
located i n  the  a l v e o l i ,  was convincingly demonstrated by P i  Suner (l9k7)who ob
served t h e  appearance of a r e f l e x  of asphyxia t o  an increased COz concentration 
d i r e c t l y  from t h e  a lveo l i .  

Thanks t o  t h e  work by Haldane and h i s  school, t h e  r o l e  of CO, i n  t h e  regu
l a t i o n  o f  r e s p i r a t i o n  began t o  be recognized as t h e  dominant element, and t h e  
concept of t h e  d i r e c t  c e n t r a l  ac t ion  of C02 and hydrogen ions  w a s  adhered t o  
f o r  many years.  

Based on t h e  s tud ie s  by Haldane and coworkers, t h e  humoral theory of re
spiratoqy regula t ion  became widespread. According t o  this t h e o q ,  t h e  changes 
i n  r e sp i r a t ion  a r i s e  pr imar i ly  from changes in t h e  C 0 2  tension of  t h e  a lveo la r  
a i r  and thus i n  t h e  a r t e r i a l  blood, d i r e c t l y  or through t h e  pH of the  blood, 
which exe r t s  an inf luence on t h e  r e sp i r a to ry  center.  

Subsequently, however, Haldane found c e r t a i n  o t h e r  f a c t s  which made him 
abandon t h e  s t r i c t  concept o f  t h i s  re la t ionship .  F i r s t  of a l l ,  t h e  r o l e  of C 0 2  
a s  t h e  cont ro l l ing  f a c t o r  i n  r e sp i r a to ry  regula t ion  became somewhat doubtful  due 
t o  r e s u l t s  f r o m  experimental hypoxia, when r e s p i r a t i o n  was  i n t e n s i f i e d  on a de
crease of GOz i n  t h e  arterial  blood (F i tzgera ld ,  K'dnigheh, Cormack, and o t h e r s )  
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and from cases of phys ica l  stress, when t h e  r e sp i r a t ion  increased manifold, 
while t he  GO2 l e v e l  of t h e  ar ter ia l  blood remained almost constant. This /1111.
made "any authors  aware of t h e  f a c t  t h a t  t h e  concept of t h e  humoral ac t ion  of 
t h e  blood pC0, and pH was unsa t i s fac tory ,  

Nevertheless, even today, C02 s t i l l  i s  believed t o  have t h e  dominating in
fluence i n  the  regula t ion  of r e sp i r a t ion ,  Thus, even i n  very recent  work on the  
mathematical simulation of t h e  ex te rna l  r e sp i r a t ion ,  t h e  pC0, of t h e  a r t e r i a l  
blood i s  considered t o  be t h e  main cont ro l led  parameter (Grey, 19h5-1956; Grodins 
and James, 1963; Tamamoto, 1963; Defar, 1963; Florenten, 1961,). Although the  
idea  t h a t  t h e  pCOa of  t h e  ar ter ia l  blood i s  t h e  control led parameter must be 
abandoned, man>- experiments on simulation of brea th ing  under physical  stress are 
s t i l l  made t o  prove t h a t  changes i n  t h e  pIC02 during the  r e sp i r a to ry  cycle have 
a regula t ing  e f f e c t  on t h e  r e sp i r a t ion ,  

Excessive spec ia l i za t ion  has led t o  t h e  study of func t ion  as a se l f - suf f i 
c i e n t  process. This i n  t u r n  has  resu l ted  i n  de t a i l ed  inves t iga t ions  of t h e .  
nervous and humoral regula t ion  of  r e sp i r a t ion ,  c i r cu la t ion ,  e tc .  which, w h i l e  
y ie ld ing  many valuable  da t a  on t h e  s t r u c t u r a l  and funct ional  mechanisms of regu
l a t i o n ,  d i s t r a c t e d  t h e  a t t e n t i o n  of  phys io logis t s  from t h e  bas i c  purpose of regu
l a t i o n ,  namely, t h a t  of  supplying t h e  physiological  needs of t h e  organism, 

Thus, i n  considering t h e  oqygen metabolism, t h e  cont ro l  of t h e  oxygen l e v e l  
a t  each s tage was disregarded,  while t h e  cont ro l  of t h e  funct ions of t h e  physio
l o g i c a l  oqgen-carrying systems w a s  s tudied separa te ly  from t h e  quan t i t a t ive  
ind ices  of  oxygen metabolism. 

The approach t o  t h e  oxygen metabolism, a s  a process taking place under a 
d e f i n i t e  regime and character ized by t h e  re levant  combination of t h e  oxygen 
parameters a t  each s tage,  automatical ly  l e d  t o  t h e  conclusion t h a t  t h e  regula-

/115 
t i o n  of t he  oxygen regime of  t h e  organism i s  automatic, being ru led  by numerous 
physiological ,  r e f l ex ,  humoral, physical ,  physicochemical, and biochemical in
f luences on the  oxygen parameters. 

Tne events taking place during t h i s  process  may be regarded as processes  
i n  a complex automatic cont ro l  system, whose purpose i s  t o  ensure continuous 
matching of t he  amount of supplied oxygen t o  t h e  oxygen demand of t h e  t i s s u e s  
a t  any in s t an t .  

The regula t ion  of t h i s  system concerns t h e  ind iv idua l  s tages  of oxygen de
l i v e r y  t o  the  t i s s u e s ,  responsible  f o r  t h e  t r anspor t  of  owgen from the  a d i e n t  
air (concent ra tor )  t o  t h e  t i s s u e s  (consumer). The cont ro ls  are represented by 
t h e  regulatory mechanisms of ex te rna l  r e sp i r a t ion ,  t h e  r egu la to r s  of hemodynam
i c s ,  and the  mechanisms regula t ing  t h e  oxygen capaci ty  of t h e  blood. 

The control led parameters at t h e  output  of t h e  system as a whole are t h e  
oxygen parameters o f  t h e  venous blood: t h e  quant i ty  of oxygen t ransported by t h e  
venous blood i n  u n i t  time ( q v O z ) ,  and t h e  p a r t i a l  oxygen pressure i n  t h e  venous 
blood (pv02) ,  s ince  maintenance of c e r t a i n  values  of  t hese  parameters ensures  
t h e  necessary l e v e l  of oxygen consumption by t h e  t i s s u e s  and s ince  any changes 
i n  these  parameters r e f l e c t  t h e  amount of  oxygen consumed by t h e  t i s s u e s  a t  each 
given ins tan t .  

71 




Under s t ab le  conditions,  when a mater ia l  and energy 
i.e., when the  amount of oxygen del ivered corresponds t o  
t i s s u e s  as predetermined by phylogenesis and ontogenesis 
organism, the  current  value of t h e  control led parameters 
signed value; i n  p a r t i c u l a r ,  the  pVO2w i l l  be 37 - 40 mm 
- qt 02. 

balance i s  observed, /116 
the  o q g e n  demand of t h e  
f o r  a given s t a t e  of t h e  
coincides w i t h  t he  as-
Hg, and qvG2 = 9.02 -

I n  t h e  case of  d i sorders  leading t o  a decrease i n  o v g e n  supply t o  the  
t i s sues ,  such as v a r i a t i o n  i n  p02 of t he  insp i red  air ,  systemic disturbances 
(hypoxic, hemic, c i r c u l a t o r y  types of  hypoxia), o r  v a r i a t i o n  ir, t h e  stress on 
the  o q g e n  demand system of t h e  t i s s u e s  ( f o r  example, i n  physical  work), a mis
match i s  created between t h e  ac tua l  and assigned values  of t he  control led para
meters (pvC2 and q V O 2 ) .  Information on t h i s  mismatch i s  fed t o  the  input  o f  t he  
regulators  of which the  most important a r e  those t h a t  regula te  ven t i l a t ion ,  
c i rcu la t ion ,  oxygen capacity of t h e  blood and which, by control  exerted on the  
system of  IU, Av, CO (minute ven t i l a t ion ,  a lveolar  ven t i l a t ion ,  cardiac output) ,  
hemoglobin minute volume, etc. ,  produce a decrease of  t h e  mismatch between actu
a l  and assigned values of t h e  control led quant i t ies .  

Since the  changes i n  the  pv02 a r e  proport ional  t o  the  change i n  qvG2, it 
may be considered t h a t  information on the  change i n  q v C 2  i s  transmitted t o  the  
sensing receptors  of changes i n  pv 02. 

Thus, a closed loop control  i s  effected with respect  t o  the  parameters 
pVO2and q V O 2  (Fig.1). 

The s t r e s s  c h a r a c t e r i s t i c  qv02 = E(qt 0,) i s  represented i n  the  form o f  L l l ?  
an incl ined s t r a i g h t  l i n e :  With increasing stress, t h e  value of t he  controlled 
parameter declines.  I f  t he re  were no system regula tors  t h a t  maintain the  con
t r o l l e d  parameters a t  t h e  prescribed l eve l s ,  then t h e  oLqgen l e v e l  o f  t he  venous 
blood would already drop t o  zero a t  a s t r e s s  only 2.1 times as grea t  as the  
nominal, i n  a healthy person. This would take  place because, i n  a person of 
r idd le  age, t he  venous blood t r a n s p o r t s  only 2.1 times as much oxygen p e r  minute 
as i s  consumed. 

The exis tence of a control  system ensures maintenance of qv02 a t  a l e v e l  
close t o  i t s  i n i t i a l  value. 

The control  c h a r a c t e r i s t i c s  a r e  represented by the  dependence of t he  con
t r o l l e d  parameter qvGz on the  control  inf luences 14V and CO. The cha rac t e r i s t i c  
of t he  dependence of qVO2on CO will be  a s t r a i g h t  l i n e  incl ined t o  the  abscissa  

axis by the  angle a ,  where-tan ri = qv QO2 , i .e.,  t he  oxygen l e v e l  of t he  venous 

blood. A t  constant s t r e s s ,  t he  limits of displacement of t he  control  character
i s t i c  will be from t a n  rl = 18 t o  6, and have an angle c/ from 87 t o  81' (for 
hy-peroxic s t a t e s ,  t a n  a = 18 - l h ,  w = 87 - $6'; for n o m x i c  s t a t e s ,  t a n  CY = 
= 14 - 10, CY = E6 - 85'; and f o r  hypoxic s t a t e s ,  up t o  an a l t i t u d e  of  8000 m, 
t an  CY = 10 - 6, CY = 85 - 81"). 

Under varying s t r e s s ,  t h e  control  c h a r a c t e r i s t i c  i s  displaced p a r a l l e l  t o  
i t s e l f ,  
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The cont ro l  c h a r a c t e r i s t i c  of t h e  dependence of q V O 2  on MV, at constapcy /118 
of t h e  o the r  cont ro l  ac t ions ,  i s  expressed by an exponent asymptot ical ly  approach
ing  i t s  m a x i ”  value,  which i s  9.02. 

Data r e s u l t i n g  from experimental s tud ie s  on human subjec ts  at var ious &ti
tudes i n  t h e  mountains have confirmed t h e  t h e o r e t i c a l  assumptions as t o  t h e  
shape of t h e  curve of t h e  cont ro l  c h a r a c t e r i s t i c  f o r  t h e  dependence of q V O 2  
on 1.V. 

An add i t iona l  cont ro l  according t o  a second p r inc ip l e ,  i.e., load regula
t i o n  e f fec ted  by the  SROS ( se l f - regula t ing  oxygen system) considerably increases  
t h e  r e l i a b i l i t y  of t h e  system and t h e  accuracy of  maintenance of  t h e  control led 
parameters . 

The load or stress i n  our  system i s  represented by t h e  o q g e n  consumption 
of t he  tissues. The amount of  GO2 excreted increases  propor t iona l ly  t o  t h e  
oxygen consumption, although GO2 i s  not  i t se l f  a d i r e c t  product of t h e  oxidation 
react ion but  can serve as a measure of oxygen consumption by t h e  t i s sues .  T h i s  
i s  convincingly ind ica ted  by these  s tud ies  of oxygen consumption and GO2 l i be ra 
t i o n  w i t h  increasing i n t e n s i t y  of physical  work shown i n  Fig.5. Thus, t h e  
changes i n  the  amount of GO2 removed by t h e  venous blood from t h e  t i s s u e s  and 
the  b C 0 2  may serve a s  s a t i s f a c t o r y  ind ica to r s  of t he  changes i n  oxygen consump
t ion ,  i . e . ,  of t h e  v a r i a t i o n s  i n  load on t h e  system a s  a whole. 

Load cont ro l  i s  accomplished i n  an open system, where t h e  s t a r t i n g  stimulus 
i s  the  v a r i a t i o n  i n  load r a t h e r  than t h e  devia t ion  of t h e  cont ro l led  parameter 
from i t s  assigned value. Thus, under ce r t a in  regimes, t he re  w i l l  be an over- /119 
control  during which an increase  i n  t h e  load will only increase t h e  value of 
t he  control led parameter. A s t r i k i n g  example of load control  i s  t h e  control  of 
t he  oxygen parameters during physical  work of varying i n t e n s i t y .  Simultaneously 
-&th an increase  i n  oqrgen consumption, t he  q v C 0 2  w i l l  a l s o  increase.  The in
fluence o f  this increase  on t h e  cont ro ls  w i l l  l ead  t o  an increase  i n  t h e  MV, a 
b e t t e r  oxygen sa tu ra t ion  of  t h e  a r t e r i a l  blood, an increase  i n  cardiac output 
and thus i n  qv02. I n  t h i s  case, notwithstanding t h e  increas ing  oxygen consump
t ion ,  qv02 may not only f a i l  t o  dec l ine  but may even increase.  T h i s  will happen 
because, i f  t he  percentage increase  i n  oxygen consumption i s  g r e a t e r  than  t h e  
percentage increase  i n  cardiac output,  then t h e  absolu te  increment i n  cardiac 
output and the  g r e a t e r  increment i n  qv02 due t o  t h e  g r e a t e r  absolu te  values  of 
cardiac output will exceed t h e  absolu te  values  of  t h e  oxygen consumption incre
ment. Thus, i n  physical  work t h a t  increases  t h e  consumption by a f a c t o r  of 10, 
from 200 my, t o  2000 m-!, of oxygen, t h e  cardiac output w i l l  increase  2.9 times. 
A t  t he  same t i m e  qaCz will increase  from 1000 of oxygen t o  2900 d,and qVO2
will r i s e  from 600 rrpV t o  900 d. (The ca l cu la t ions  are based on d a t a  by  Chris
tensen. ) 

I n  most s i t u a t i o n s  of l i f e ,  bo th  these  p r i n c i p l e s  of regula t ion  of t he  
oxygen regime are r ea l i zed ,  namely, regula t ion  by t h e  oxygen parameters and regu
l a t i o n  load, <.e., cont ro l  by t h e  GO2 parameters. However, some cases  a r e  en
countered when one of these  con t ro l  loops p a r t i c i p a t e s  very l i t t l e  i n  t h e  work 
of t h e  system; i n  these  cases,  cont ro l  i s  ef fec ted  pr imar i ly  by t h e  o the r  loop. 
For example, on inha la t ion  of  C 0 2  which simulates a load without increas ing  /120
t h e  o q g e n  consumption which could have lowered t h e  qv02, o n l y  t h e  load cont ro l  
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i s  switched on, 

On t h e  o the r  hand, i n  hypoxia when t h e  o q g e n  parameters dec l ine  while t h e  
consumption remains p r a c t i c a l l y  constant and t h e  qv02 dec l ines  owing t o  the  
leaching of COz, t h e  loop of cont ro l  by parameters takes  over t h e  cont ro l  func
t ion.  

Above, we discussed t h e  p r i n c i p l e s  of regula t ion  of t h e  oxygen regime of t h e  
organism. The next quest ion i s  t h a t  of t h e  s t r u c t u r a l  organizat ion providitng 
such an exact regula t ion  of t h e  onjgen regime on t h e  b a s i s  of t h e  above pr in
ciples .  

The se l f - regula t ing  oxygen system (SROS ) obviously i s  a system consis t ing 
of th ree  series-connected elements or s tages  included i n  feedback loops. I n  
each of t hese  elements ( i n  the  lung reservoi r ,  t h e  blood r e se rvo i r  of t h e  lung 
c a p i l l a r i e s ,  and t h e  blood r e s e r v o i r  of t h e  t i s s u e  c a p i l l a r i e s ) ,  t h e  output 
parameter, which i s  t h e  input  for t h e  next s tage,  i s  control led.  Thus, each 
stage i s  an independent system i n  which both inpu t  and output parameters a r e  
controlled,  mk ing  the  system highly r e l i zb le .  

The system as a whole and i t s  ind iv idua l  s t ages  a r e  served by th ree  main 
regulators ,  which a r e  interconnected: r e sp i r a to ry  regula tor ,  c i r cu la to ry  regu
l a t o r ,  and r egu la to r  f o r  t he  hemoglobin c i r c u l a t i n g  i n  t h e  blood. 

The input  of t h e  f i r s t  s tage  i s  fed with t h e  amount of oxygen de temined  by 
the  minute volume aEd w%th the  plG2 a r r i v i n g  through t h e  concentrator  from L121 
t he  ambient air. As a r e s u l t  of t h e  transformation a t  t h e  output of t he  stage,  
there  i s  a lveo la r  v e n t i l a t i o n  and pA02. I n  s p i t e  of t he  cyc l i c  and discontinu
ous character  of t he  oxygen supply from the  ambient a i r  and t h e  continuous de
l i v e r y  ol? oxjgen i n t o  t h e  blood of t he  pulmonary c a p i l l a r i e s ,  t h e  quant i ty  pAG2 
remains amazingly constant under normal condi t ions (Sechenov). This exact con
t r o l  of  t h e  parameter pAO, i s  due t o  t h e  f a c t  t h a t  an increase  i n  the  volume of 
the  lung r e se rvo i r  involves  an increase  i n  t h e  quan t i ty  of oxygen input.  i n  
t h i s  case, t h e  oxygen concentrat ion i n  t h e  a l v e o l a r  a i r  will be constant,  s ince 
the  system. by which t h e  cont rac t ions  o f  t he  r e sp i r a to ry  musculature follow t h e  
volume of t h e  r e se rvo i r  ( t h e  Hering-Breuer r e f l e x )  maintains a d e f i n i t e  r z t i o  
between r e sp i r a to ry  volume and s i z e  of the  reservoi r .  It i s  e n t i r e l y  lil.;ely 
t h a t  t he re  i s  a feedback between t h e  chemoreceptors of t h e  nose and upper re
s p i r a t o r j  t r a c t  r eac t ing  t o  v a r i a t i o n s  i n  the  p a r t i a l  owgen pressure of  t h e  
ambient air, and t h e  receptors  of t h e  a l v e o l i  t r ansmi t t i ng  information on t h e  
va r i a t ion  i n  PAG, t o  t h e  r e sp i r a to ry  regulator .  Thus, t h e  oxygen parameters of 
the  a lveolar  a i r  a r e  cont ro l led  even i n  t h e  f i r s t  stage,  although - as shown 
below - the  chemoreceptors.of t h e  caro t id  and a o r t i c  s inuses  p lay  a considerably 
grea te r  p a r t  i n  t h e i r  regulat ion.  

The output from t h e  f i r s t  s tage,  i.e.,  t h e  a lveo la r  v e n t i l a t i o n  (I7A ) with 
a d e f i n i t e  p a r t i a l  oqygen pressure of t h e  a lveo la r  a i r  ( ~ ~ 0 , )and a d e f i n i t e  /122
amount o f  oxjgen t ransported by t h e  venous blood, i s  fed t o  t h e  input  of t h e  
second s tage  which i s  t h e  r e se rvo i r  of  t h e  lung c a p i l l a r i e s .  The output from 
t h i s  s tage,  as a result of t h e  transformation of t h e  input  parameters under t h e  
ac t ion  of a lveo la r  v e n t i l a t i o n ,  t h e  flow of  blood through t h e  lungs,  and t h e  
r a t e  of d i f fus ion  of t h e  oxygen-binding p rope r t i e s  of hemoglobin, i s  fed with 
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oxygen parameters of t h e  ar ter ia l  blood, p.0, and q.02. We must emphasize t h e  
f a c t  t h a t  one of t he  input  parameters of t he  second s tage,  qvO, ,  i s  t h e  pr inc i 
p a l  control led parameter of t h e  e n t i r e  system. Feeding it t o  t h e  input  of t h e  
second s tage h a s  a s t a b i l i z i n g  e f f e c t  on t h e  function of t h e  second and t h i r d  
s t ages  and thus  of  t h e  system as a whole i n  view of t h e  f a c t  t h a t ,  in t h e  second 
s tage,  there  i s  not only a regula t ion  by t h e  output parameter pvG2 but  a l so  a 
regulat ion by d i s tu rb ing  inf luences,  l ead ing  t o  a v a r i a t i o n  i n  t h e  input  para
meter of t he  second s tage  (qvG2 ). Information on t h e  v a r i a t i o n  i n  qv02, t rans
mit ted t o  the  chemoreceptors of  t h e  venous bed over t h e  v a r i a t i o n s  i n  pvG2, 
ac tua t e  the  r e sp i r a to ry  and c i r cu la to ry  regula tors  which begin t o  operate  before  
the  changed qv02 reaches t h e  input  of t h e  second s tage,  t hus  preventing t h e  ap
pearance of t h i s  change a t  t h a t  input. This preventive measure i s  r e l i a b l e ,  
s ince  the  delay time of t h e  qv02 on t h e  route  from t h e  output  of t h e  t h i r d  stage 
t o  t h e  input  of t he  second s tage,  determined by t h e  rate of flow i n  t h e  ve ins  
on t h e  segment between r i g h t  hea r t  and lung c a p i l l a r i e s ,  i s  considerably longer
than tne  delay i n  t h e  feedback of t he  regulators ;  t h i s  depends on the  rate of 
t r a n s f e r  of nervous impulses from the  receptors  of t he  r i g h t  hear t ,  t h a t  receive 
information on the  v a r i a t i o n s  i n  pvC2, t o  t h e  nerve cen te r s  and back t o  the  ef
f e c t o r  organ of  t h e  c i r cu la to ry  regulator .  

I n  addi t ion,  t h e  ac t ion  of  pVOp on the  r e sp i r a to ry  regula tor  reorganizes /123
t he  mechanisms of t h e  f i r s t  s tage  ( increas ing  t h e  a lveo la r  v e n t i l a t i o n ) ,  thus  
preparing f o r  t he  recept ion of t h e  changed qvG2. The a lveo la r  v e n t i l a t i o n  s t i l l  
r e t a i n s  the  funct ion of subregulation i n  the  case of d i s tu rb ing  inf luences on 
the  system operat ing under t h e  conditions of t he  given steady s t a t e .  

Thus, t he re  i s  regula t ion  of the  output ( con t ro l l ed )  parameter q.02 and 
p.G2 of t h e  second s tage  by t h e  dis turbance of qvOr a t  i t s  input.  

The output parameter of  t h i s  s tage,  p.G2, i s  t h e  control led parameter f o r  
the  f i r s t  two stages.  I ts  devia t ions  from the  assigned value,  reaching t h e  in
put  of a l l  th ree  regula tors ,  r e s u l t  i n  t h e  appearance of cont ro l  ac t ions  by t h e  
r e sp i r a to ry  regula tor  a t  t h e  input  of t h e  f i r s t  s tage and by t h e  regula tors  of 
c i r cu la t ion  and o f  oxygen-binding property of t he  blood, a t  t h e  input  of t h e  
second stage.  Thus, t he re  a r e  two p r inc ipa l  feedback loops; one embraces t h e  
second stage,  and the  o the r  t h e  f i r s t  and second stages.  Our a s s e r t i o n  t h a t  t h e  
p.G2 i s  t h e  main control led parameter a t  the  output of t h e  second s tage i s  con
firmed by the  f a c t  t h a t  even minor devia t ions  of t h i s  parameter from t h e  assigned 
value ( l O G  nun Hg) cause t h e  cont ro l  mechanisms t o  attempt t o  r e s to re  t h e  previ
ous leve l .  

Thus, accura te ly  regulated values  of paG2 and q.02 a r e  fed t o  t h e  input  of 
t he  t h i r d  stage. Af te r  passing through transformations i n  t h e  third s tage,  t h a t  
cons is t  e s s e n t i a l l y  i n  t h e  de l ive ry  of oxygen t o  t h e  t i s s u e s ,  these  parameters 
leave  t h e  t h i r d  s tage  i n  t h e  form of t h e  venous blood parameters, pv02 and /124 
q v C 2  

Let u s  consider examples of t h e  operat ion of t h e  s y s t e m .  

Example 1. The oxygen demand of t h e  t i s s u e s  has  increased ( t h i s  i s  equiva
l e n t  t o  what  one c a l l s  an increase  i n  load i n  the  terminology used i n  t h e  theory 
of au-tomatic cont ro l ) .  A t  t h e  i n i t i a l  i n s t a n t ,  a t  constant  blood f l o w  i n t o  t h e  
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t i s s u e s ,  t h e  p02 and t h e  oxygen l e v e l  of  t h e  venous blood both decrease,  i n  ac
cordance with the  amount of oxygen extracted by t h e  t i s s u e s  from t h e  blood. The 
considerably suboxygenated venous blood must e x t r a c t  g r e a t e r  amounts of oxyger! 
from t h e  a l v e o l i ,  which may be accomplished i n  two ways: 

a )  I n  t h e  absence of  v a r i a t i o n s  i n  pulmonary funct ion and c i r cu la t ion ,  t h e  
a r t e r i a l  blood will be p a r t i a l l y  suboqgenated. The decrease i n  t h e  PO:! of  t he  
a r t e r i a l  blood causes: 1) i n t e n s i f i e d  b i o e l e c t r i c  a c t i v i t y  of  t h e  chemoreceptors 
of t he  ca ro t id  and a o r t i c  zones; 2 )  va r i a t ion  i n  t h e  b i o e l e c t r i c  a c t i v i t y  of  t h e  
c e l l s  of t he  r e s p i r a t o r j  center .  Thus, information on t h e  decrease i n  t h e  p02 
of t h e  a r t e r i a l  blood reaches t h e  nerve centers ,  where it i s  transformed i n t o  
control  s igna l s  t o  the  working organs, t h e  r e sp i r a to ry  musculature, t he  hea r t ,  
and t h e  smooth musculature of t h e  blood vesse ls ,  t h e  va r i a t ion  i n  whose a c t i v i t y  
corresponds t o  the  optimum sa tu ra t ion  of t h e  venous blood and t h e  el iminat ion of  
the created mismatch. 

b )  Information on t h e  dec l ine  i n  t h e  p02 of t h e  venous blood can be t rans
mitted t o  t h e  r e sp i r a to ry  and vasomotor cen te r s  by t h e  va r i a t ion  in b i o e l e c t r i c  
a c t i v i t y  of t h e  chemoreceptors of t h e  major veins ,  t h e  r i g h t  precordium, and the 
pulmonary a r t e ry .  Although no convincing experimental proofs  e x i s t  f o r  t h i s  J125 
route,  t he re  i s  a l s o  no va l id  reason f o r  r e j e c t i n g  t h i s  poss ib le  regulat ion,  t he  
more so s ince  the  l i t e r a t u r e  contains  re ferences  t o  t he  exis tence o f  chemore
ceptors i n  these  blood vesse l s ,  including very recent  re ferences  t o  t h e  r o l e  o f  
the  p02 of t h e  venous blood i n  the  regula t ion  of cardiac output (L.L.Shik, 
196L). 

c )  The mismatch between t h e  o q g e n  demand or“ind iv idua l  t i s s u e s  and i t s  
supply can be eliminated wi th in  t h e  limits of t h e  las t  s tage  of the  self-regulat
ing  oxygen system. According t o  recent  da t a ,  t h e  dec l ine  i n  pOz i n  the  a r t e r i a l  
blood re laxes  t h e  p recap i l l a ry  sphincter  i n  the  a rea  of t h e  t i s s u e  supplied by 
the  cap i l l a ry ,  leading t o  a d i l a t a t i o n  of  t h e  c a p i l l a r y  and an i n t e n s i f i c a t i o n  
of blood supply, i .e.,  t o  an automatic d e l i v e l y  of oxygen t o  t h e  t i s s u e s  (Hayton, 
bss ,  Carr ie r ,  Nalker, 1961L; Bern, 19hL). 

Load control  by GO2, a s  described above, i s  used as a supplementary control  
i n  the  f i rs t  case. 

Example 2. The p02 a t  t h e  input  t o  t h e  system was decreased (va r i a t ion  of 
the  input  parameter). A s  a r e s u l t  of t h e  undersaturat ion of t h e  hemoglobin w i t h  
oxygen, t h e  p02 of t h e  ar ter ia l  blood dec l ines ,  and information on t h i s  dec l ine  
i s  t ransmit ted t o  t h e  r e sp i r a to ry  center.  This c loses  a feedback loop within 
the  f i r s t  two s tages ,  If t h i s  i s  i n s u f f i c i e n t ,  t h e  t i s s u e s ,  even a t  t h e  i n i t i a l  
i n s t a n t  and t o  s a t i s f y  t h e i r  unchanged requirements, will e x t r a c t  t he  same amount 
of oxygen from t h e  blood; because of t h e  decreased de l ive ry  of 02, t h e  p02 of 
t he  venous blood w i l l  then be lower than usual.  ilegulation can be accomplished 
i n  the  abovedescr ibed manner. However, as noted before ,  t h e  organism has 
highly e f f i c i e n t  measuring and regula t ing  devices  t o  preclude any p o s s i b i l i t y  of 
i n s u f f i c i e n t  oxygen supply t o  t h e  t i s s u e s  and t o  ensure them of optimum condi
t i o n s  for o q g e n  u t i l i z a t i o n  (higherPo:! of t h e  blood washing t h e  t i s s u e s ) ;  these  
a r e  the  chemoreceptors of t h e  s inocarot id  and t h e  a o r t i c  regions,  whose in t ens i 
f i ca t ion  i n  b i o e l e c t r i c  a c t i v i t y  can be recorded even for decreases  as l i t t l eL126  
a s  2 mm Hg i n  t h e  pOz of t h e  a r t e r i a l  blood, namely, from 100 t o  98 mm Hg ( N e r ,  
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Li l jes t rand  and Sotterman, 1939; Alvarez-Bouhuys, 1953; Witzl'db, Ba r t e l s ,  Dudde, 
Xochizulci, 1955; Wintzler, 1955). 

The information on t h e  decrease of  Poa i n  t h e  a r t e r i a l  blood, transformed 
i n  t h e  centers  i n t o  cont ro l  s igna ls ,  i s  t ransmit ted t o  t h e  e f f e c t o r  organs which 
a r e  then t r iggered  t o  e l iminate  the  mismatch. 

The proposed scheme of t h e  automatic opJTgen regula t ion  system d i sc loses  t h e  
p o s s i b i l i t y  of  mathematical simulation, e s t ab l i sh ing  t h e  general  l a w s  and prop
e r t i e s  of t h e  r e . p l a t i o n  of  t h e  oxygen re-sime. 

de  present  b r i e f l y  only t h e  most general  ideas ,  far from complete, on t h e  
p o s s i b i l i t y  of automatic regula t ion  of t he  oxygen metabolism i n  t h e  organism. 
'The complexity of t h e  problem, the  inadequate study of neurohumoral regula t ion  
of t he  funct ions i n  t h e  organism, and t h e  r e s t r i c t i o n  of t he  exposi t ion by t h e  
scope of  the  assigned theme, make it more d i f f i c u l t  t o  give, a t  t h i s  s tage,  a 
more de t a i l ed  ana lys i s  of t he  system of automatic regulat ion of t h e  oxygen 
regime of t h e  organism. However, it seems t h a t  an appl ica t ion  of  t h e  automatic 
control  concept t o  t he  study or" t h e  oxygen metabolism regulat ion may make i t  
e a s i e r  t o  understand t h e  economy and r e l i a b i l i t y  of regula t ion  i n  t h e  organism. 
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MODERN CONCEPTS ON THE FUGULATION OF EXTERNAL RESPIRATION /127 
A.Z.Kolchinskaya and V.I.Khotinok-Khotenko 

(A.A.Bogomoltts I n s t i t u t e  of Physiology, UkrSSR 
Academy of Sciences, Kiev) 

Although it i s  recognized as obvious t h a t  pulmonary ven t i l a t ion  i s  t h e  re
sult and the  measure of r e sp i r a to ry  a c t i v i t y  which, by nerve o r  chemical reflex 
mechanisms, i s  made t o  correspond t o  t h e  needs of  t h e  organism, most au thors  
separate  t h i s  from t h e  fundamental problem i n  s t u d i e s  of t h e  nervous and hurnoral 
regulat ion of r e sp i r a t ion ,  mainly because of t h e  narrow spec ia l iza t ion  of  t h e i r  
research. 

Owing t o  t h e  advances i n  neurophysiology and t h e  use  of highly refirled 
methods of e lec t rophys io logica l  research, extremely valuable  information has  
been obtained on per iphera l  and c e n t r a l  mechanisms responsible  f o r  t h e  r e f l e x  
and humoral regula t ion  of r e sp i r a to ry  movements and cons t i t u t ing  t h e  sensing 
systems and on t h e  systems t h a t  process  information and t ransmit  i t  t o  t h e  ef
f e c t o r  organs of t h e  regula tor ;  these  da t a  permit formulation of very general  
preliminary ideas  on t h e  s t r u c t u r e  of t he  r e sp i r a to ry  regulator .  

During t h e  p a s t  two decades, new da ta  have been obtained on t h e  loca l i za 
t i o n  of t h e  r e sp i r a to ry  centers  in t h e  medulla oblongata and t h e  pons, on t h e  
s t r u c t u r e s  of t h e  upper p a r t  of t h e  b r a i n  s t e m  p a r t i c i p a t i n g  i n  t h e  regula t ion  
of r e sp i r a t ion ,  on t h e  c o r t i c a l  and ce rebe l l a r  in f luences  on r e sp i r a t ion ,  per
mi t t i ng  i n s i g h t  i n t o  t h e  mechanisms of rhythmic r e s p i r a t i o n  and the  i n t e r n a l  
mechanisms of v a r i a t i o n  of t h e  b a s i c  respira.toqy rhyLhm, and evaluation of  t h e  
r o l e  of t h e  vagal propriocept ive and chemoceptive cont ro l ,  and the  r o l e  of t h e  
caro t id  and a o r t i c  chemoceptor zones i n  t h e  regula t ion  of pulmonary ven t i l a - /128 
t ion.  

Ideas  are being developed on t h e  r e s p i r a t o r y  r egu la to r  as a feedback system 
i n  which, on t h e  one hand, t h e  dependence of t h e  cont ro l led  parameters, t h e  
paCOz of  t h e  arterial blood and t h e  p.Oz, on t h e  pulmonary v e n t i l a t i o n  (equation 
of  t h e  ob jec t ) ,  and, on t h e  o the r  hand, t h e  dependence of  t h e  pulmonary ven t i l a 
t i o n  on t h e  a r t e r i a l  pC02, pH, pOz on va r i a t ion  of  t hese  parameters a t  t h e  input  
t o  t h e  system ( t h e  Grey hemostat, 19L5) and t h e  parameters of va r i a t ion  of t h e  
metabolic rate, are fed back t o  t h e  input  of t h e  system (Grodins and James, 
1963); mathematical models f o r  t h e  regula t ion  of r e s p i r a t i o n  a r e  now being pro
posed (Defar and Florenten, 1963). These authors  a t t r i b u t e  t h e  dec is ive  role 
i n  regula t ion  of r e s p i r a t i o n  t o  C02, although many o t h e r s  a r e  convinced t h a t  
t h e  mechanisms which exert cont ro l  over COz are far from being clear .  

The authors  note t h e  absence of any uni f ied  conception which could properly 
explain t h e  regula t ion  mechanism of ex te rna l  r e s p i r a t i o n  under var ious condi
t i o n s ,  such as hypoxia, muscular stress, etc .  (Marshak, 1961; Schmidt, 1963; 
Fishman, 1963). 

The weak poin t  i n  modern concepts on r e sp i r a to ry  regula t ion  i s  the  assump
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t i o n  t h a t  t h e  l a t t e r  i s  l imi ted  t o  a closed loop composed of v e n t i l a t i o n  - chemi
c a l  composition of arterial  blood - ven t i l a t ion .  

I n  our  opinion, t h e  extension of t h e  cont ro l  loop t o  include a s tage t h a t  
reflects t h e  oxygen consumption by t h e  tissues and t h e  production of COz and 
o the r  metabolites,  w i t h  allowance f o r  t h e  f a c t o r s  p a r t i c i p a t i n g  i n  t h e  regula
t i o n  o f  t h e  oxygen parameters i n  a l l  s tages  of oxygen metabolism i n  t h e  organism 
could help t o  e s t a b l i s h  more exact  i deas  on t h e  regula t ion  of ex terna l  respira
ti.on. 
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THE PROBLEN OF OXYGEN RESERVES IN ANIMAL AND HUMAN ORGANISMS /129 

P .A.Korzhuyev 
Moscow 

A t  a l l  s tages  of evolution i n  t h e  animal world, t h e  well-being of t h e  or
ganisms w a s  ensured by the  formation of reserves  of v i t a l  materials, such as 
fats, carbohydrates, salts, and o t h e r  substances necessary t o  maintain t h e  normal 
metabolic leve l .  

The extremely important element oxygen, without which the  higher organisms 
- including man - cannot exist f o r  longer  than 1 - 2 min, i s  an exception i n  
t h i s  respect. One would th ink  t h a t  t h e  establishment of  reserves  of t h i s  v i t a l  
element would have been one of t h e  major t a s k s  of evolution, However, it i s  a 
f a c t  t h a t ,  over almost t h e  e n t i r e  h i s to ry  of  evolution of t h e  animal world, 
nature  has not es tab l i shed  s ign i f i can t  reserves  of oxygen i n  the animal OrganisE, 

A comparative study of t he  physiology and biochemistry of r e sp i r a t ion  has  
shown t h a t ,  d e s p i t e  t he  m u l t i p l i c i t y  of s t r u c t u r a l  formations t h a t  ensure supply 
of oxygen t o  t h e  c e l l s  and tissues of t h e  organism i n  var ious s tages  of  ind i 
vidual  development, t h e  continuous supply of oq!gen has  always been maintained 
without s i g n i f i c a n t  reserves.  In  p a r t i c u l a r ,  throughout t h e  h i s to ry  of  develop
ment of ver tebra tes ,  t h e r e  has been a subs t an t i a l  increase  i n  t h e  c a p a b i l i t i e s  
of t h e  oxygen-supplying mechanisms, p a r t i c u l a r l y  with respec t  t o  t h e  organs of 
aera t ion  and hemodynamics which reach t h e i r  highest  e f f i c i ency  i n  b i r d s  and 
animals. There i s  a sharp increase  i n  t h e  a c t i v i t y  of hemoglobin-producing 
centers ,  such as t h e  bone marrow and t h e  s t r iped  musculature; nevertheless ,  /130
t he  oxygen reserves  of t h e  organisms are so m i n i m a l  t h a t  an el iminat ion of ex
t e r n a l  resp i ra t ion ,  i.e.,  o f  t h e  supply of  oxygen t o  t h e  organism, can be t o l e r 
ated f o r  no more than 1 - 2 min. 

The only exceptions a r e  aquat ic  mammals and b i r d s  (whales, s ea l s ,  penguins, 
seagul ls ,  e tc . ) ,  s ince  they have t h e  power t o  shut off  ex terna l  r e sp i r a t ion  f o r  
a long time, measured in minutes o r  t e n s  of minutes, a s  i s  t h e  case f o r  t h e  
l a r g e  cetaceans. 

Apparently, t h e r e  were fundamental causes which, in a l l  s tages  o f  ver te 
b r a t e  phylogenesis, prevented t h e  establishment of subs t an t i a l  oxygen reserves  
i n  t h e  organism, except f o r  a small  group of animals which could secondari ly  
r eve r t  t o  a w a t e r y  h a b i t a t  ‘(aquatic “ a l s  and b i rds) .  Un t i l  recent ly ,  biolo
g i s t s  have been unable t o  give a convincing explanation of t h i s  paradoxical phe
nomenon. 

Today, it i s  poss ib le  t o  give a r a t i o n a l  explanation of t h i s  p e c u l i a r i t y  of 
animal organisms. This  i s  based on t h e  discovery by Professor  A.L.Chizhevskiy, 
as far back as t h e  middle of t h e  l9201s, t o  t h e  e f f e c t  t h a t  not  only t h e  chemi
ca l  composition of t h e  a i r  bu t  a l s o  i t s  physical  state i s  of vital  importance 
f o r  t h e  organism. 
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One of  t h e  most important f e a t u r e s  of this physical  state of t h e  a i r  i s  i t s  
d e f i n i t e  s a tu ra t ion  with e l e c t r i c  charges, i.e., negative charges, owing t o  which 
t h e  omjgen molecules pass  i n t o  t h e  ionized state. It has been shown t h a t ,  i f  
t h e r e  i s  no ionized oxygen of negat ive p o l a r i t y  i n  t h e  air ,  a11 experimental 
animals d i e  r a t h e r  rapidly.  These s tud ie s  by Professor  Chizhevskiy shed l i g h t  
on t h e  causes f o r  t h e  absence of s i g n i f i c a n t  oxygen reserves  in t h e  animal /l3l
organism. 

The underlying p r inc ip l e  i s  simply t h a t  ionized oxygen exists f o r  a very 
sho r t  time, of t h e  order  of s eve ra l  minutes, after which it l o s e s  i t s  charge and 
i s  converted i n t o  t h e  i n e r t  form. It i s  p rec i se ly  f o r  t h i s  reason t h a t  t h e  
animal organism i s  unable t o  bu i ld  subs t an t i a l  reserves  of ionized oxygen of 
negative po la r i ty .  However, oxygen molecules without a negative e l e c t r i c  charge, 
as shown by Chizhevskiy*s experiments, are unable t o  support normal animal l i f e .  

It should be borne i n  mind t h a t  t h e  negat ively charged oxygen ion,  having 
nine e l ec t rons ,  resenibles f luo r ine ;  however, on ion iza t ion  of t h e  oxygen, t h e  
sp in  of i t s  nucleus i s  reversed. Apparently, t h e  extremely f ine  physical  phe
nomena t h a t  take  place on t h e  e l e c t r o n i c  and nuclear  l e v e l ,  have played a de
c i s i v e  r o l e  i n  t h e  evolution of  t h e  animal world, as a r e s u l t  of  which, even the  
higher representa t ives  of t he  ve r t eb ra t e s  have no subs t an t i a l  reserves  of oxygen. 

The establishment of this f a c t  i s  not  merely of t h e o r e t i c a l  importance but  
a l so  of  g rea t  p r a c t i c a l  importance. A s  Chizhevskiy co r rec t ly  says, "in bui ld ing  
h i s  dwelling, man deprives  himself of normal ionized air". Indeed, wi th in  
bui ld ings  and apartments inhabi ted by human beings,  as Chishevskiy has shown, 
t h e  number of  oxygen ions  drops t o  a minimum; ins tead  of t h e  500 - 600 ions  pe r  
cubic centimeter of a i r  under n a t u r a l  conditions,  it goes as low as 1 5  - 20. 
Y e t  man spends more t h a n  ha l f  of his l i f e  i n s ide  bui ldings,  and consequently 
brea thes  nonionized air. This i s  one of t h e  main f a c t o r s  de t r imenta l  t o  human 
hea l th  . 

The development of s p e c i f i c  measures designed t o  improve t h e  e l e c t r i c  /132
condition o f  t h e  a i r  of inhabi ted rooms i s  one of t h e  most urgent problems of 
t he  near  fu ture .  
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0XYGE;N TENSION I N  CARDIAC MUSCLF: AND BLOOD, UNDER /133
CONDITIONS OF CIRCULATORY AND ANEMIC HYPOXIA 

V.I.Korolfkov and V.B .Koziner 
(Laboratory of Pathophysiology, Chief: Professor  N.A.Fedorov, 
N l  Member USSR Acadeqy of Medical Sciences;  Central  I n s t i 

t u t e  of  Hematology and Blood Transfusion, Director :  
I n s t r u c t o r  A.Ye.Kiselev, Moscow) 

1. We determined t h e  p02 i n  t h e  card iac  muscle, t h e  pa,  and pC02 ( i n  abso
l u t e  u n i t s )  in t h e  a r t e r i a l  and mixed venous blood, t h e  t o t a l  r e sp i r a to ry  meta
bolism and blood gas content,  card iac  output ,  arterial  pressure,  and ECG i n  dog 
experiments. Ci rcu la tory  hypoxia was induced by severe b lood le t t i ng  and anemic 
hypoxia by replacing t h e  l o s t  blood with polyglucine. 

2. A t  t h e  peak of blood loss ,  t h e  a r t e r i a l  pressure dropped t o  0 - 10 mm, 
the  p02 in  t h e  myocardium decreased t o  about 5C$ of i t s  i n i t i a l  value,  t h e  pG2 
i n  t h e  a r t e r i a l  blood decl ined s l i g h t l y  from 9L t o  80 mm (87% of the  i n i t i a l  
value) ,  and t h a t  i n  t h e  venous blood from L6 t o  23 mm (50% of the  i n i t i a l  va lue) ,  
In  t h e  a r t e r i a l  blood, t h e  pC02 tended t o  dec l ine  (32 mm i n i t i a l  and 27 mm a t  
the  height of blood loss) bu t  increased i n  t h e  venous blood from L5 t o  75 mm 
(120% of i n i t i a l ) .  The ar ter iovenous d i f f e rence  i n  pC02 doubled. The oxygen 
consumption dropped considerably,  and t h e  cardiac output decreased. A decrease 
i n  t h e  vol tage of t h e  ECG waves was  noted, accoqan ied  by var ious  forms of con
duction disturbances.  

3 .  Immediately a f t e r  replacement of  t h e  l o s t  blood, anemic hypoxia de
veloped: The oyygen capac i ty  of t h e  blood declined t o  ha l f  i t s  value,  t he  H b  
content and t h e  hematocrit  index declined accordingly, t h e  a r t e r i a l  pressure Ll3L 
w a s  res tored,  and t h e  card iac  output was about double t h e  i n i t i a l  l eve l .  Under 
these conditions,  t h e  p 0 2 i n  t h e  myocardium returned t o  i t s  i n i t i a l  value,  and 
t h e  pOz i n  t h e  arterial  blood approached i t s  i n i t i a l  l e v e l ;  i n  t h e  venous blood, 
it ac tua l ly  exceeded it (57 mm - 12@), which may have been due t o  the  increased 
blood flow. 

The pC02 in t h e  a r t e r i a l  and venous blood returned t o  the  i n i t i a l  l e v e l  and 
oxygen consumption w a s  restored. The ECG showed a r e s t o r a t i o n  of t h e  s inusoida l  
rhythm and of  t he  amplitude of  t h e  waves. 

4. Within two hours t h e  cardiac output  w a s  higher than  t h e  i n i t i a l  l e v e l ,  
although it showed a s l i g h t  decrease by comparison with t h e  preceding l e v e l ,  and 
the  arterial  pressure  dropped somewhat. 

The pC2 i n  t h e  myocardium continued t o  remain a t  i t s  previous l e v e l ;  t he  
pOz i n  t h e  arterial  and venous blood w a s  c lose  t o  t h e  i n i t i a l  value. The a r 
teriovenous d i f f e rence  i n  oqygen tens ion  increased above t h e  l e v e l  it had a t  
the  end of replacement of  t h e  l o s t  blood. 
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The pCO2 was urchacged. Thus, ir, s p i t e  of t h e  considerable dec1ir.e i n  t h e  
oxyger. capacity of t h e  blood, t h e  a c u t e  anemic hypoxia - judging by t h e  myocardi
a l  oxyger. teRsion ar,d by t h e  tension o f  t h e  blood gases - w a s  compensated. 



NEM DATA ON FUNCTIONAL ORGANIZATION OF THE RESPIRATORY /135
CENTER AND THE MECHANISMS OF COORDINATION OF 

RESPIRATORY MOVEMENTS 

D .A .Kocherga 
(A.A.BogomolTts I n s t i t u t e  of  Physiology, UkrSSR 

Academy of Sciences, Kiev) 

During the  p a s t  decade, owing t o  the  in t roduct ion  of new methods of re
search ( r e g i s t r a t i o n  of t he  extra- and i n t r a c e l l u l a r  b i o e l e c t r i c  p o t e n t i a l s  o f  
t h e  r e sp i r a to ry  neurons, electromyography, use o f  new drugs, e tc .  ), considerable 
progress has been made i n  t h e  study of t h e  func t iona l  organizat ion of  t h e  re
sp i r a to ry  center  of t h e  medulla oblongata and i t s  a f f e r e n t  and e f f e r e n t  connec
t i o n s  (Lilj es t rand ,  1953, 1958; O.Wiss ,  1954-1964;Baumgarten and Salmoreggi,
1960, 1961;Sahnoreggi and Berns, 1960, 1961;Salmoreggi, 1962; Sergiyevskiy,
1959, 1961, 196L;Marshak, 1960, 1964; M e r  e t  a l . ,  1952,1963;Oberholzer, 
1952, 1960;Turner, 1954;Roytbak, 1952,1959;Kocherga, 1958, 1961, 1563, 196L; 
Widdicombe, 195L, 1960, 1963;Waldman, 1963, 1964; S i r s ,  1962, 1963,196L;Gle
bovskiy, 1963, 1964; Sumi, 1963, 1964 and others ) .  

A c h a r a c t e r i s t i c  f ea tu re  of t h e  organizat ion of t h e  r e sp i r a to ry  system i s  
t h a t  i t s  e f f e c t o r  apparatus  ( t h e  r e sp i r a to ry  muscles) i s  connected w i t h  a somatic 
system re l a t ed  gene t i ca l ly  t o  t h e  locomotor musculature, and has  a f f e r e n t  re
presentat ion i n  var ious departments of  t h e  c e n t r a l  nervous system, while t h e  af
f e ren t  in f luences  on the  r e sp i r a to ry  center  a r r i v e  pr imar i ly  from the  i n t e r 
ceptors  ( ca ro t id  s inus,  receptors  of lung expansion, e t c . )  as w e l l  as d i r e c t l y  
through t h e  blood. It i s  general ly  known t h a t  t h e  r e sp i r a to ry  muscles not only 
p a r t i c i p a t e  i n  maintaining t h e  r e s p i r a t o r y  metabolism but  a l s o  perform o the r  
funct ions (p ro tec t ive  r e sp i r a to ry  r e f l ex ,  pos tu ra l  r e f l exes ,  formation of t he  
rhythm of speech i n  man). It i s  s t i l l  a cont rovers ia l  quest ion whether a l l  /136
forms of a c t i v i t y  of t h e  r e sp i r a to ry  muscles depend on t h e  flow of nervous im
pulses  from t h e  bulbar  r e s p i r a t o r y  center ,  o r  whether t h e  r e f l e x  inf luence on 
t h e  sp ina l  motoneurons of t h e  r e sp i r a to ry  m s c l e s ,  loca ted  on t h e  segmentary and 
supersegmentary l e v e l s ,  a l s o  p l ay  an important r o l e  i n  t h e  development of these  
forms o f  muscular a c t i v i t y .  

We conducted a systematic i nves t iga t ion  of t h e  a c t i v i t y  of t h e  r e sp i r a to ry  
muscles and the  s ign i f icance  of t h e  var ious departments of t h e  c e n t r a l  nervous 
system in t h e  i n t e g r a t i o n  of t h e i r  functions.  We appl ied t h e  methodological 
technique of simultaneous r e g i s t r a t i o n  of t h e  e l e c t r i c  r eac t ions  of t h e  respirz
to ry  and locomotor muscles (electromyography) t o  var ious  func t iona l  states o f  
t h e  organism of t h e  experimental animals ( c a t s  and dogs) and a l s o  t o  e l e c t r i c  
s t imulat ion of var ious  departments of t h e  c e n t r a l  nervous system (ce reb ra l  
cor tex and cerebellum) and of t h e  a f f e r e n t  nerves. 

During our  study, we demonstrated t h e  in t imate  connection between t h e  phasic-
ton ic  reac t ions  of t h e  locomotor and r e sp i r a to ry  muscles and described c e r t a i n  
fea tures  of t h e  inf luence ol" t h e  cerebra l  cortex,  cerebellum, and r e t i c u l a r  
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formation of t h e  b r a i n  stem on these  react ions.  

On e l e c t r i c  s t imula t ion  of c e r t a i n  regions of t h e  cerebra l  cortex,  i n  ac
cordance with t h e  l i t e r a t u r e  d a t a  (V.Ya.Danilevskiy, 1874; W.Smith, 1938; M.V. 
Sergiyevskiy e t  al., 1950, 1959, 196L; Turner, 1954 and o the r s ) ,  we reg is te red  
both s t imulat ing and i n h i b i t o r y  e f f e c t s  on t h e  r e sp i r a to ry  muscles. These in
f luences can be e i t h e r  co r rec t ive  o r  s t a r t i ng .  

Stimulation of t h e  motor zones of  t h e  cerebra l  cor tex  ( t h e  region of /137
con t ro l l i ng  t h e  fo re l eg  and t runk)  was  accompanied by changes of t h e  phasic  and 
t o n i c  a c t i v i t y  of t h e  muscles of t h e  fo re l egs  and t h e  r e sp i r a to ry  muscles. The 
results of these  experiments i n d i c a t e  t h e  exis tence,  i n  t h e  sp ina l  cord, of  re
sp i r a to ry  intermediate  neurons ab le  t o  perform various func t ions  depending on 
t h e i r  assoc ia t ions  with t h e  pe r iphe ra l  segmentary formations and t h e  superseg
mentary cen t r a l  s t ruc tu res .  The ex is tence  of intermediate r e sp i r a to ry  neurons 
was l ikewise confirmed by P i t t s  (1942) and Sumi (1963, 196L). 

The type of our  experiments and t h e i r  r e s u l t s ,  toge ther  w i t h  c e r t a i n  l i t e r a 
t u r e  da ta ,  lead t o  t h e  conclusion t h a t  t h e  cerebral  cor tex  i s  not equipoten t ia l  
i n  i t s  capab i l i t y  t o  modify r e sp i r a t ion .  On t h e  one hand, by ac t ing  on t h e  
bulbar  r e sp i r a to ry  center ,  t h e  cor tex c o r r e l a t e s  r e s p i r a t i o n  with t h e  o the r  
vege ta t ive  funct ions of t h e  organism; on t h e  o the r  hand, t h e  motor zone of t h e  
cerebra l  cor tex and t h e  cerebellum p a r t i c i p a t e  i n  t h e  regula t ion  of t h e  ton ic  
funct ion of t h e  r e sp i r a to ry  muscles and the  co r re l a t ion  of r e sp i r a to ry  mvements 
w i t h  locomotor movements. 

Thus, t he  inf luence of  t h e  c e n t r a l  nervous system (ce reb ra l  cor tex and 
cerebellum) on t h e  r e sp i r a to ry  muscles i s  accomplished not  only over t h e  func
t i o n a l  s t ruc tu res  of  t h e  bulbar  r e sp i r a to ry  center  b u t  a l s o  over t h e  intermediate 
r e sp i r a to ry  neuron of t h e  sp ina l  cord and t h e  nervous formations regula t ing  the  
ton ic  funct ion of t h e  r e sp i r a to ry  muscles. 
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VARIATION I N  TISSUE 0XYGE;N TENSION, I N  DIRECT /138
ISOLATED CORONARY PEEFUSION 

L.Ye.Kramarenko 
(Laboratory of  Pathophysiology, Chief: Professor  S.V .Andreyev; 

Laboratory of  A r t i f i c i a l  Circulat ion,  Chief: I n s t r u c t o r  
V.S.Rayevskiy; I n s t i t u t e  of Cardiovascular Surgery, USSR 
Academy of Medical Sciences,  Director :  Professor  S.A. 
Kolesnikov, Honored S c i e n t i s t  of t h e  RSFSR; S c i e n t i f i c  

Director :  Academician A.N.Bakulev, ~ o s c o w )  

Iso la ted  d i r e c t  coronary perfusion ( terminal  opening of t h e  coronary ar
t e r i e s )  was  rerformed f o r  an hour under condi t iors  of  hypothermia (blood tempera
t u r e  20 - 24 C) a t  constant  volume flow. 

Various gas regimes of perfusion were used: oxygen, i n  which only oxygen 
w a s  fed t o  the  oxygenator; and oxygen-carbon dioxide,  i n  which 3 - 5% of carbon 
dioxide was  added t o  t h e  oxygen f o r  t h e  oxygenator, 

The experiments were run with and without coronary perfusion. We studied 
t h e  va r i a t ion  i n  oxygen tens ion  i n  the  myocardium of t h e  l e f t  v e n t r i c l e  and the  
s k e l e t a l  muscle, using t h e  polarography method. 

During coronary perfusion with cold blood, using t h e  oxygen method aga ins t  
a background of  hypothermia, we observed an i n i t i a l  rise i n  myocardial p02 f o r  
3 - 5 min by 30%, followed by a gradual dec l ine  by 10 - 1 5  $, although t h e  p02 
l e v e l  was higher than t h e  init ial .  A comparison of t hese  ind ices  with t h e  p02 
da ta  of t h e  qyocardium under a r t i f i c i a l  blood c i r cu la t ion ,  a t  continuous oxygen 
regime under hypothermia without coronary perfusion when t h e  myocardium p02 
fa i l s  below i t s  i n i t i a l  l e v e l ,  i n d i c a t e s  a favorable  a c t i o n  of coronary perfu
s ion  on maintenance of oxygen tens ion  a t  a s u f f i c i e n t  l e v e l .  

Simultaneously, t h e  o q g e n  consumption of t h e  myocardium without coronary 
perfusion bu t  with oxygen regime decreases  whereas, with coronary perfusion, /139
it remains i n  t h e  range of t h e  i n i t i a l  l e v e l ;  t h i s  again suggests t h a t  t h e  l e v e l  
of  redox processes  i n  t h e  myocardium is  higher during coronary perfusion (Ye.N. 
Ashcheulova ). 

The addi t ion  of 3 - 5% carbon dioxide during pro t rac ted  hypothermal perfu
s ion  results i n  an increase  i n  oxygen tension i n  t h e  myocardium by o n l y  25% 
above t h e  i n i t i a l  l e v e l ;  with coronary perfusion, t h e  pOz of t h e  myocardium 
r i s e s  t o  double i t s  i n i t i a l  l e v e l ,  and t h e  coronary blood flow increases ,  

Consequently, coronary perfusion,  even with oxygen regime, e s t ab l i shes  
bet ter  physiological  condi t ions f o r  t h e  maintenance of v i a b i l i t y  of t he  xn,yo
cardium; t h e  use of an oxygen-carbon dioxide regime during coronary perfusion 
ensures o p t 5 ”  condi t ions f o r  myocardial a c t i v i t y .  

The oqygen tens ion  i n  a comparable s k e l e t a l  muscle dec l ines  l e s s  during 
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coronary perfusion than without it. 

Besides this, the  inf luence of  CO, in acce le ra t ing  t h e  d i s soc ia t ion  of oxy
hemoglobin i s  very important i n  preventing myocardial hypoxia during hypothermal 
coronary perfusion under t h e  oxygen-carbon dioxide regime. 

The increase i n  oxygen tension o f  t h e  myocardium i n  coronary perfusion de
pends on t h e  i n i t i a l  l e v e l  of t h e  pOz. 

The addi t ion  of C 0 2  t o  t h e  oxygenated p’erfusion blood, i n  p a r a l l e l  perfu
s ion,  i s  an e f f e c t i v e  means of preventing hypoxia. 

The l e v e l  of t h e  oxygen tens ion  in the  myocardium throughout coronary /U*O
perfusion,  e spec ia l ly  a t  i t s  end, i s  of prognost ic  s ignif icance.  A t  a high rnyo
card ia1  pOz,  as a rule, no hypoxic phase i s  observed on subsequent r e s to ra t ion  
of cardiac a c t i v i t y  a f t e r  warming. 
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ROLE OF THE CHEMORECEPTORS OF THE CAROTID SINUSES IN THE /1w
REGULATION OF PULMONARY RESPIRATION 

S .S .Krylov 
( I n s t i t u t e  of Toxicology, USSR Ministry of Health, Leningrad ) 

One of t h e  p r i n c i p a l  c h a r a c t e r i s t i c s  of t he  l i v i n g  organism i s  i t s  a b i l i t y  
t o  maintain on a d e f i n i t e  l e v e l ,  and within c e r t a i n  limits of deviat ion from t he  
las t  l e v e l ,  t h e  s t r u c t u r e  of t h e  organs and t i s s u e s  and t h e  s t a t e  of t h e i r  meta
b o l i c  processes,  which as a whole ensures a r e l a t i v e l y  s t a b l e  state of  t he  com
p lex  system of t h e  l i v i n g  organism. The s t a b i l i t y  of t h i s  system, under de f i 
n i t e  environmental condi t ions,  i s  guaranteed by nervous and humoral regulatory 
mechanisms, coordinated by t h e  cen t r a l  nervous system. 

The regulatory func t ions  of  t h e  C N S  a r e  accomplished by recept ion of in
formation on t h e  s t a t e  and changes i n  t h e  medium surrounding t h e  organism and 
on the  i n t e r n a l  organs and t l s s u e s  of  t h e  organism. 

The sensor i s  t h e  primary s tage  o f  any information system. It must be 
noted t h a t  t he  p r i n c i p a l  property of a sensor must necessa r i ly  be i t s  s e l e c t i v e  
s e n s i t i v i t y  or i t s  s p e c i f i c  tendency t o  r e a c t  t o  d e f i n i t e  s t a t e s  ana changes. 
The receptor  apparatus  p l ays  the  r o l e  o f  t he  sensorium i n  b io log ica l  systems. 

One of t h e  important and special ized in te roceptor  mechanisms of t h e  organ
i s m  a r e  t h e  so-called chemoreceptors of t h e  ca ro t id  reflexogenous zones located 
i n  the  caro t id  body (glomus caroticum). 

The most d i s t i n c t  and pronounced reac t ion  t o  exci ta t ior i  of t h e  caro t id  /llr2
chemoreceptors i s  the  i n i t i a t i o n  of r e sp i r a t ion .  Exci ta t ion of these  receptors  
a l s o  causes a number of  o t h e r  r e f l e x  reac t ions .  Nevertheless,  most researchers ,  
i n  studying the  function of t h e  caro t id  gland, placed main emphasis on the  re
sp i ra tory  exc i t a t ion  i n  evaluat ing the  s ign i f icance  of t h i s  glomus f o r  the  or
ganism, However, it was exac t ly  t h e  study of tht .  x l e  and p a r t i c i p a t i o n  of t h e  
caro t id  gland i n  t h i s  process  t h a t  l ed  t o  t h e  main cont rovers ia l  questior,s  on 
t h e  mechanism of r e sp i r a to ry  exc i t a t ion  i n  acute  hypoxia and hypercapnia. T h i s  
app l i e s  p a r t i c u l a r l y  t o  t h e i r  r o l e  i n  t h e  e x c i t a t i o n  of pulmonary r e sp i r a t ion  
induced by carbon dioxide. 

It i s  well  known t h a t  pulmonary r e s p i r a t i o n  has two aspec ts ,  namely, t o  
supply t h e  organism w i t h  oxygen and t o  remove carbon dioxide frorrt it; under 
ce r t a in  conditions,  each of t hese  aspec ts  may become dominant. From t h i s  po in t  
of view, it evident ly  i s  pr imar i ly  necessary t o  consider t h e  ca ro t id  gland a s  
information t r ansmi t t e r  . 

A number of au thors  have shown t h a t  an increase  i n  t h e  CC2 t ens ion  of t h e  
blood and a corresponding dec l ine  i n  t h e  pH of t h e  blood induces exc i t a t ion  of 
t he  caro t id  gland and exc i t a t ion  of  r e sp i r a t ion .  It has been four;d t h a t ,  begin
ning a t  a c e r t a i n  l e v e l  of  t h e  blood pCOz (about 30 mm Eg),  t he re  exists a 
l i n e a r  r e l a t i o n  between t h e  COz tension and t h e  degree o f  exc i t a t ion  of t h e  
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caro t id  gland. It  has a l s o  been found t h a t ,  after l i g a t i o n  of  t h e  caro t id  
gland, t h e  pulmonary r e s p i r a t i o n  i s  markedly depressed i n  animals and t h e  COz 
tension of t he  a lveo la r  a i r  i s  increased. T h i s  p e r s i s t s  even i f  t h e  animal i s  
inha l ing  pure oxygen, It has a lso been shown t h a t  t h e  caro t id  chemoreceptors 
r eac t  e a r l i e r  than the  r e s p i r a t o r y  center  t o  an increase  i n  COz tension. 

The ve loc i ty  of  t h e  r eac t ion  i s  a l s o  a highly important f ea tu re  of t h e  /1L3
acid exc i t a t ion  of t h e  ca ro t id  gland. The reac t ion  t akes  p lace  simultaneously 
with a s h i f t  i n  pH in t h e  ca ro t id  gland toward t h e  ac id  s ide  and i s  rap id ly  
stopped on el iminat ion of  t h e  ac id  from t h e  %carot idgland. 

On t h e  b a s i s  of these  d a t a  one can agree with numerous authors  who state 
t h a t  t h e  caro t id  gland p a r t i c i p a t e s  i n  t h e  regula t ion  of normal resp i ra t ion .  It 
must be assumed t h a t  t h i s  r egu la t ion  i s  ef fec ted  through t h e  mechanism of ac id  
exc i t a t ion  of t h e  ca ro t id  gland. Such exc i t a t ion  of t h e  ca ro t id  chzmoreceptors 
depends d i r e c t l y  on t h e  concentrat ion of  hydrogen ions  and consequently a l s o  on 
t h e  presence, ar.d na tu ra l ly  a l s o  on t h e  qcan t i ty ,  of ac id  products espec ia l ly  of 
carbon dioxide. This i s  determined,however, by t h e  degree of  pulmonary vent i la
t ion.  

Bearing i n  mind t h a t  t h e  pulmonary v e n t i l a t i o n  i s  of g rea t  importance i n  
t h e  regula t ion  of t he  a c i d o t i c  shift i n  t h e  organism, we can consider t h e  mecha
nism of acid exc i t a t ion  of t h e  ca ro t id  gland t o  be a d e l i c a t e  adaptat ion of t he  
regula t ion  of t he  acid-base equi l ibr ium i n  t h e  organism and of t h e  acid exci ta
t i o n  i t s e l f  a s  an information t o  t h e  CNS on a c i d o t i c  shifts i n  t h e  blood, 

The exc i t a t ion  o f  t h e  ca ro t id  chemoreceptors and t h e  pulmonary r e sp i r a t ion  
i n  hypoxia has the  following cha rac t e r i s t i c s :  On ab la t ion  of t h e  ca ro t id  gland, 
by sect ion of  t h e  s inus  nerves o r  ex t i rpa t ion  of t h e  gland i t se l f ,  t h e  untrained 
organism i n  h-ypoxia i s  unable t o  respond by exc i t a t ion  of t h e  pulmonary respira
t ion .  Further  than t h a t ,  a f t e r  disconnection o f  t h e  caro t id  gland, hypoxia 
causes a depression of t he  r e sp i r a t ion ,  coupled w i t h  general  depression of t h e  
animal. 

A second c h a r a c t e r i s t i c  f e a t u r e  o f  hypoxic exc i t a t ion  i s  t h a t  it occurs 
o n l y  a f t e r  a considerable decrease i n  oxygen tension i n  t h e  insp i red  a i r  
(below 100 mm Hg), o r  a t  a corresponding drop i n  oxygen tension of  t h e  blood 

/1LL 
a r r i v i n g  a t  t h e  caro t id  gland, and i s  not  d i r e c t l y  dependent on t h e  degree of 
oxygen deficiency. 

F ina l ly ,  one of t h e  e s s e n t i a l  c h a r a c t e r i s t i c s  of hypoxic e x c i t a t i o n  of t h e  
ca ro t id  chemoreceptors, i n  con t r a s t  t o  t h e i r  ac id  exc i ta t ion ,  i s  i t s  pronounced 
i n e r t i a .  Hypoxic e x c i t a t i o n  of  t h e  caro t id  gland occurs only a f t e r  a c e r t a i n  
l a t e n t  period and i s  more pro t rac ted ,  

All t h i s  suggests t h a t  t h e  hypoxic exc i t a t ion  o f  t h e  caro t id  gland must be 
based on some o the r  mechanism, inherent only t o  a c e r t a i n  chemoreceptor appa
ratus fundamentally d i f f e r i n g  from t h e  apparatus  responsible  f o r  t h e  acid ex
c i t a t i o n  of t h e  ca ro t id  gland. I t  follows t h a t  hypoxic exc i t a t ion  of  t h e  caro t id  
gland represents  a spec ia l ized  information of  t h e  CNS s igna l ing  a drop in blood 
oxygen l eve l .  



A comparison of t h e  ac id  and hypoxic e x c i t a t i o n s  of  pulmonary r e sp i r a t ion  
ind ica t e s  t h e i r  deep and b a s i c  d i f fe rence .  This  d i f f e rence  obviousljr has a 
ce r t a in  general  b i o l o g i c a l  meaning. It could be assumed t h a t  t h e  chemoreceptor 
systems, developed i n  t h e  course of evolut ion and present  i n  var ious t i s s u e s  
where they r eac t  t o  v a r i a t i o n s  in t h e  acid-base equilibrium, are conditioned by 
t h e  f a c t  t h a t  t h i s  equi l ibr ium which must have a d e f i n i t e  l e v e l  f o r  normal func
t i o n  ( f o r  example, of t h e  enzymatic systems) may d i f f e r  i n  t h e  var ious organs 
and t i s s u e s  during t h e i r  function, even i f  t h e  organism has  an environment ( l L 5
of constant  oxygen content. These chemoreceptive systems are necessary t o  main
t a i n  a c e r t a i n  l e v e l  of t h e  acid-base equilibrium. One of  these  is  t h e  chemore
ceptor  system of t h e  ca ro t id  gland, which i s  t h e  first t o  r e a c t  t o  even minute 
changes i n  the  acid-base equilibrium of t h e  blood under ordinary condi t ions of 
l i f e  of t h e  organism and responds by e x c i t a t i o n  when t h e  pH of t h e  blood s h i f t s  
toward t h e  ac id  side.  

The r e sp i r a to ry  e x c i t a t i o n  i n  acute  hypoxia results from a spec ia l  mecha
nism which developed a t  a c e r t a i n  s tage  of evolut ion of  t h e  animal organism. 
This special ized system was f ixed  i n  t h e  form of t h e  chemoreceptor apparatus of  
t h e  ca ro t id  gland, designed f o r  s e l ec t ive  r eac t ion  t o  any drop i n  t h e  oxygen 
tension of  t h e  blood. 

In conclusion, it should be  noted t h a t  only few s t u d i e s  a r e  ava i lab le  on 
t h e  mechanism o f  changes i n  pulmonary v e n t i l a t i o n  t ak ing  place i n  acid and 
hypoxic exc i t a t ion  of t h e  corresponding apparatus  of t h e  ca ro t id  gland. I n  
pa r t i cu la r ,  our  knowledge on t h e  mechanism of phase changes of t he  pulmonary 
v e n t i l a t i o n  ( i n s p i r a t i o n  and exp i r a t ion ) ,  of t h e i r  depth and dura t ion  i n  ac id  
and hypoxic exc i t a t ion ,  i s  very scanty. 
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CONTRIBUTION TO THE QUESTION OF THE EFFECT OF HYPOXIA, 
INCREASING AT VARIOUS RATES, ON THE HUMAN ORGANISM 

A.G.Kuznetsov, N.A.Agadzhanyan, S.G.Zhamv, I.R.KaJ_inichenko, 
E,Ya,Kaplan, A,N.Mazin, M.M.Osipova, and A.V.Sergiyenko 

Moscow 

T h i s  paper presents  d a t a  on t h e  e f f e c t  of slowly increas ing  hypoxia on t h e  
human organism, as it a p p l i e s  t o  the  loss of  seal of t h e  cabin of a f l y i n g  ve
h ic le .  

In  our  q e r i m e n t s ,  we s tudied t h e  work capabi l i ty ,  motor coordination, and 
funct ional  s t a t e  of t h e  higher  nervous a c t i v i t y  (E,conditioned-reflex a c t i v i 
t y ,  charac te r  of handwriting, skin-galvanic reac t ion) ,  of t h e  cardiovascular  
system (ECG, r e sp i r a to ry  a c t i v i t y ,  blood f i l l i n g  and tonus of t h e  blood vesse l s  
of t he  b r a i n  and ex t r emi t i e s ) ,  r e sp i r a to ry  system ( r a t e  and charac te r  of resp i ra 
t i o n ,  pulmonary v e n t i l a t i o n ,  v i t a l  capacity,  composition of  a l v e o l a r  blood, 
owgen l e v e l  of blood, e tc . ) .  

The s tudies  es tab l i shed  t h e  dependence of t h e  "al t i tude" tolerance of  human 
subjec ts  on t h e  var ious regimes of decompression. 



ELECTRIC ACTIVITY OF INSPIRATORY AND MPIRATORY MUSCLES IN u 
~~~ SUBJECTS, IN HYPOXIA AND DURING STATIC MJSCULAR WORK 

A.M.Kulik 
( I n s t i t u t e  of Normal and Pathological  Physiology, 

USSR Academy of Medical Sciences, Moscow) 

M.Ye.Marshak and coworkers have reported t h a t ,  i n  human subjects 'and i n  
animals a t  rest, t he  inha la t ion  of  an oqgen-poor o r  C02-rich gas mixture, will 
lead t o  complex coordination problems of t he  e l e c t r i c  a c t i v i t y  of  i n s p i r a t o r y  
and expiratory muscles (Marshak and Mayeva, 1961, 1961; Karshak, 1962; Kulik, 
1962, 19631. 

In  hypoxia and i n  hypercapnia, t h e  e l e c t r i c  a c t i v i t y  of the  i n s p i r a t o r y  
muscles i s  i n t e n s i f i e d  while t h a t  of t he  expiratory muscles i s  inhibi ted.  On 
inha la t ion  of pure oxygen, t h e  e l e c t r i c  a c t i v i t y  of  t h e s e  muscle groups changes 
i n  the  opposite d i r ec t ion ,  being i n t e n s i f i e d  i n  the  expiratory and ir ,hibited i n  
the insp i ra tory  muscles. 

I n  subjects  untrained for s t a t i c  work, we of ten  noted an increased e l e c t r i c  
a c t i v i t y  of the  i n s p i r a t o r y  muscles, accompanied by depression or complete inhi
b i t i o n  of the  e l e c t r i c  a c t i v i t y  of  t he  expiratory muscles. In  most cases, t h i s  
coincided with a disturbance of the  r e s p i r a t o r y  rhythm and an impairment of t he  
a r t e r i a l i z a t i o n  of t h e  blood. 

Immediately a f t e r  stopping the  s t a t i c  work, the  e l e c t r i c  a c t i v i t y  of t he  
expiratory m s c l e s  increased and t h a t  of t he  i n s p i r a t o r y  muscles was inhib i ted .  

The i n i t i a l  high l e v e l  of e l e c t r i c  a c t i v i t y  of t h e  i n s p i r a t o r y  m s c l e s  i n  
sub5ects untrained for s t a t i c  work declined markedly during t ra in ing ,  while the 
e l e c t r i c  a c t i v i t y  of t he  expiratory muscles increased t o  a l e v e l  above t h a t  a t  
the  beginning of t ra in ing .  /1L8 

Our da ta  on the  v a r i a t i o n  i n  e l e c t r i c  a c t i v i t y  of t he  insp i ra tory  and ex
p i r a t o r y  muscles during t r a i n i n g  for s t a t i c  muscular work r e f l e c t  the  dynamics 
of the  furictional s t a t e  of t he  r e s p i r a t o r y  center. 
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D E T ~ I I i ' I A T I O N  OF THE RELATIVE AND ABSOLUTE ERRORS I N  CALCULATIPJG 
THE PARAE3I'm OF THE OXYGEII REGDIE OF THE ORGANISM 

M.A.Kulikov 
(Physiological Cybernetics Group, Leader: Ye.A.Shkabara, 
Candidate i n  Technical Sciences; I n s t i t u t e  o f  Physiology, 

UkrSSR Acadeqy of  Sciences, Director :  A. F.Makarchenko, 
Academician, UkrSSR Academy o f  Sciences) 

A considerable number of i n d i c e s  m u s t  b e  calculated i n  determining t h e  para
meters of t h e  opjgen regime of t h e  organism (N.V.Lauer and A.Z.Ko1chinskaya). 
These caLculations are based on experimental data obtained, under supervision by 
D r .  A.Z.KolchLnskaya, by s t a f f  members of t h e  I n s t i t u t e  of Physiology, UkrSSR 
Academy of Sciences, M.M.Seredenko, K.T.Khilinskaya, t h e  present  author,  and 
o thers ,  during a study of t h e  hypoxic states o f  t h e  human organism. Ekperimental 
da t a  necessa r i ly  are burdened with e r r o r s ,  due t o  t h e  l imi t ed  accuracy of t h e  
neasuring instrument and t o  t h e  time rate of change of  t h e  observed quant i ty  it
self .  Thus, i n  t h e  f i n a l  ca l cu la t ion  o f  t h e  parameters, a c e r t a i n  e r r o r  of  un
known value will alwa:;s b e  c o d t t e d .  

It i s  t r u e  t h a t  t h e  second component of t h e  e r r o r  can be reduced by averag
ing  a s e r i e s  o f  p a r a l l e l  or repeated observations,  b u t  t h e  value of  t h e  first 
coqonent  cannot be diminished, 

I n  this connection, it appears important t o  analyze t h e  quest ion of deter
r'lining the  limits of r e l a t i v e  and absolute  e r r o r s  of each of t h e  calculated 
p a r m e t e r s  of  o,qrger. u t l l i z a t i o n .  

I n  i n t e r p r e t i n g  t h e  r e s u l t s ,  it must be borne i n  mind t h a t  t h e  extreme er
r o r  i s  hardly ever  reached and t h a t ,  i n  most cases  ( 9 0  - 95%), t h e  e r r o r  w i l l  
n o t  exceed two-thirds of i t s  m a x i m u m  (probable re la t ive o r  absolute  error). 

I n  determining t h e  absolute  and r e l a t i v e  e r r o r s  for calculated q u a n t i t i e s ,  
w e  used t h e  conventional formulas 

where 
IA f l  i s  t h e  value o f  t h e  extreme absolute  error, 
I6f1 i s  t h e  value o f  t h e  extreme relative error, and 

f = f(x,, x,, . e . ,  qJ. (3) 

ide assume t h a t  t h e  absolute  e r r o r  i n  d i r e c t l y  measuring t h e  concentration 
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of  a gas  i n  a i r  i s  0.1% and w i l l  no t  exceed 0.3%., t h a t  t h e  extreme absolu te  er
r o r  i n  determining t h e  minute volume of  r e s p i r a t i o n  f l u c t u a t e s  from 50 t o  
400 cm” (with a mode of  100 cm”), t h a t  t h e  r e sp i r a to ry  rate i s  determined with 
an accuracy of  0.5 - 2 resp/min (with a mode of  l/min), t h a t  t h e  barometric 
pressure i s  determined with an accuracy of 5 - 20 mm Hg and t h e  temperature with 
an accuracy of l oco  

Under these  b a s i c  assumptions, we calculated t h e  r e l a t i v e  extreme e r r o r s  
of a number of d i f f e r e n t  ind ices  of t h e  oxygen regime. 

Errors  of Measurement f o r  Percent of w gen i n  A i r  

If it i s  assumed t h a t  t h e  value of Fi v a r i e s  i n  t h e  range of 20.7 - 21.3?:, 
then, a t  t h e  extreme absolu te  e r r o r  AF, t h e  r e l a t i v e  extreme e r r o r  6f w i l l  be /151 
(on t h e  average) 

AF absolute  e r r o r  0.05%; 0.1%: 0.2%; 0.3%; 0.5% 

6f  r e l a t i v e  e r r o r  0.24%; 0.47%; 0.93-0.96%; 1.W-1. L5%; 2.35-2.W. 


For a value of FE f luc tua t ing  i n  t h e  range of 16.5 - 17.6%, we s imi l a r ly  
have 

AF (absolute  e r r o r )  0.05$;0.1%; 0.2%; 0.3%; 0.5% 
6f ( r e l a t i v e  e r r o r )  0.28-0.30%; 0.57-0.61%; 1.14-1.21%; 1.70-1.82%; 

2.84-3.03. 

F ina l ly ,  f o r  t h e  va lues  of FA, varying in t h e  range of 13.9 - 16.0%, we 
obta in  

AF (absolute  e r r o r )  0.0%; 0.1%; 0.2%; 0.3%; 0.5% 
6 f  ( r e l a t i v e  e r r o r )  0.31-0.36%; 0.62-0.727Z; 1.25-1.L4$; 1.88-2.16%; 

3 12-3 60% 

A l l  these  e r r o r s  are negl ig ib ly  small, so t h a t  it can be assumed t h a t  t h e  
measurement of  t h e  % oqygen i n  t h e  insp i red ,  expired,  and a lveo la r  a i r  has been 
performed with s u f f i c i e n t  accuracy. 

Er rors  of  Measurement f o r  Minute Volume 

Considering t h a t  t h e  minute volume (MV) may vary from LOO0 cm3 t o  9800 cm3 
and t h a t  t h e  extreme absolu te  e r r o r  of  i t s  determination may range from 50 t o  
LOO cm3 , t h e  following Table can be compiled (see next page). 

A s  w i l l  be c l e a r  from these  ca lcu la t ions ,  t h e  accuracy of measurement /153 
below 300 cm” can a l ready  be  considered impermissibly low, espec ia l ly  a t  low 
minute volume, However, t h i s  accuracy i s  composed of two components, one due t o  
t h e  e r r o r  of observation (i .e. ,  t h e  absolu te  e r r o r ) ,  and t h e  o the r  due t o  t h e  
nonuniform re sp i r a t ion  of  t h e  subjects .  It can be shown t h a t  i f  t he re  i s  a 
s c a t t e r i n g  of t h e  values  of R i n  th ree  successive determinations of t h e  MY, then 
t h e  t o t a l  absolute  e r r o r  of  measurement of  t h e  t r u e  MV a f t e r  n successive de te r 
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mircitions (provided the re  i s  no systematic instrument e r r o r )  w i l l  Rot exceed 

dd- 1.16 R + A  v 
m 

Hence, it can be assumed t h a t ,  i f  we prescr ibe  t h e  value of t h e  error of  
neasurement A and the  s c a t t e r i n g  of R i n  t h e  f i r s t  t h ree  successive d e t e m k a 
t i o n s ,  then - t o  keep the  t o t a l  error from exceeding 200 cm" - riot l e s s  than t he  
r"o1lowir.g must be measured, 

Kin : 200 cm 300 cm LOO cm 600 cm 

5 0  cmz 3 m i n  lL min 7 min over 10  min 
100 cm 3 min 5 m i n  F! min over 10  m i n  

It can be shown t h a t  t he  value of b i s  excessive i n  a t  l e a s t  5% of the  cases. 

The computatiorAalfomula has been derived under the  following assmptior ;s :  

a )  	I n  making n successive measurements, t h e  extreme absolute  mean-squtire 
e r r o r  w i l l  be 2/0A!5.  

b )  	To obta in  an accurzcy of f i  i n  ca l cu la t ing  t h e  aean of  n observations 
with a probable e r r o r  of not  more than 5;5, t h e  � o l l o v r i ~ geqca l i t y  
must be s a t i s f i e d :  

c )  	To determine t h e  value of cr from t he  s c a t t e r i n g  of th ree  successive 
measurements, t h e  quan t i ty  R must be divided by ;?. fcrctor taken f r o m  
spec ia l  Tables; in our case,  t h i s  f a c t o r  was 1.69. 

c )  Determination of  Respiratory Rate 

The p rac t i ce  o f  determining t h e  r e sp i r a to ry  r a t e  p e r  minute leads  t o  a n  
absolute error of  t h e  r e s p i r a t o r j  r a t e ,  being one r e sp i r a t ion  pe r  minute 
(resp/min).
s ider ing  t h a t  t h e  r e sp i r a to ry  rate on t h e  average i s  within E - 16/min, we 

However, t h i s  may be  much too high. S t a r t i n g  from t h i s  and con-

obtain the  following Table: 

A.f 0.5 1.0 2.0 3.0 L. 0 

The above Table shows t h a t  t h e  g r e a t e s t  absolute  and r e l a t i v e  e r r o r s  take 
place i n  measuring t h e  r e sp i r a to ry  r a t e .  The r e s p i r a t i o n  must be checked over 
a t  l e a s t  1m i n  (assuming t h a t  t h e  r a t e  of r e sp i r a t ion  i s  s t r i c t l y  constant) .  
If, however, even i n  t h e  s t a t e  of r e s t ,  t h e  r e sp i r a to ry  r a t e ,  taken over t h ree  
successive minutes, v a r i e s  by 2 - 3 resp/nin,  then t o  ob ta in  the  mean respira
to ry  r a t e  with an accuracy of 0.5 resp/min (i.e. , with an accuracy t o  within one 
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complete r e sp i r a to ry  cyc le)  t h e  cycles  would have t o  be  counted f o r  not l e s s  
than 22 - 50 min, which would be  impossible i n  prac t ice .  I n  t h i s  case, even a 
s l i g h t  inaccuracy i n  determining t h e  r e sp i r a to ry  rate would introduce excessive 
e r r o r s  i n t o  t h e  values  of t h e  calculated indices.  Therefore, wherever pos- /155 
s i b l e ,  a ca lcu la t ion  p e r  r e s p i r a t o v  cycle should be avoided and replaced by a 
ca l cu la t ion  pe r  minute of  resp i ra t ion .  

d ) Calculation-of t h e  P h y s i o l E i g a l  Dead Space 

For Bohr’s formula 

we f ind  t h a t  

In  analogy t o  t h e  above, it can be assumed t h a t  t h e  mini”  absolu te  ex
treme error a t  F, = 16.5 t 0.05%, FA = 13.9 -+ 0.05%, F, = 21.3 -L 0.05%; V, = 
= 250 + 11 cm” w i l l  be 87.82 + 5.05 cm3, while t h e  minimum extreme r e l a t i v e  er
ror i s  5.75%. The ”m extreme absolute  e r ro r ,  calculated under t h e  assump
t i o n  t h a t  F, = 17.6 + 0.2%, FA = 16.0 4 0.2%, FI = 20.7 f 0.2% and VE = 1000 r 

262.5 cm3 w i l l  be equal t o  3L0.4 + 103.84 cm3, so t h a t  t h e  maximum extreme 
r e l a t i v e  e r r o r  will be 30.86% (i.e., impermissibly high). 

Final ly ,  a ca l cu la t ion  f o r  t h e  case of  optimum (modal) values  gives ,  f o r  
t h e  i n i t i a l  values  FF = 17.0 -L O.l%, FA = 15.0 4 0.1$, FI = 21.0 + 0.1% and 
V, = 500 f 50 cm3 , a value of  t h e  physiological  dead space of 166.7 + 19.4 cm3 
with an extreme r e l a t i v e  e r r o r  of 12.& /156 

Obviously, t h e  limits of  accuracy of t h e  value being determined a r e  very 
wide; even an averaging over a considerable number of  observat ions,  which de
creases  t h e  t o t a l  absolu te  e r r o r  by a f a c t o r  of f i ,  w i l l  no t  y i e ld  t h e  desired 
r e s u l t ,  because of t h e  low accuracy of  measurement. 

However, i f  t h e  volume of  t h e  physiological  dead space i s  not calculated 
pe r  r e sp i r a t ion  but  p e r  minute o f  r e sp i r a t ion ,  then - under t h e  same assumptions 
(PTV being h000, 8000, and 6000 cm3, r e spec t ive ly )  - t h e  r e s u l t a n t  values  of  t h e  
dead space per  minute w i l l  be 1L05 27 cm3 with a mini” r e l a t i v e  e r r o r  of  
2.5% and 2723 t 184 cm3 with a maximum extreme r e l a t i v e  e r r o r  of  7.11%, and, 
f i n a l l y ,  2000 t 66.7 cm3 with a mean r e l a t i v e  e r r o r  of 4.0%. 

It i s  c l e a r  t h a t  this method of ca l cu la t ion  reduces t h e  r e l a t i v e  extreme 
e r r o r s  by a subs t an t i a l  amount. If we ca l cu la t e  t h e  probable e r ro r s ,  a s t i l l  
g r e a t e r  decrease i n  t h e  extreme r e l a t i v e  e r r o r s  as wel l  as in t h e  extreme abso
l u t e  e r r o r s  will r e s u l t .  
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e )  Calculation of Er rors  of  Measurement of  Alveolar Vent i la t ion  

Alveolar v e n t i l a t i o n  i s  determined approximately by t h e  formula 

l&=M-c/,,f 

The corresponding e r r o r s  a r e  determined as 

A s  indicated,  i n  both cases  t h e  value of t h e  r e sp i r a to ry  r a t e  and of V, /157 
en te r  i n t o  both formulas. Errors  r e s u l t i n g  from an inaccurate  determination of 
t he  r e sp i r a to ry  rate have a cumulative e f f e c t .  

To decrease these  e r ro r s ,  l e t  u s  modify eq.(9), represent ing,  i n  the  form 
of a function, t h e  i n i t i a l  da t a  determined by d i r e c t  measurements. 

I n  t h i s  case, t h e  formulas f o r  determination of  t h e  e r r o r s  take t h e  form 

To obtain t h e  m,@mum value of t he  r e l a t i v e  extreme e r r o r ,  l e t  us  assign 
4t h e  following da ta :  V, = 8000 + 200 cm', FI = 20.7 1 0,2%, FF = 16.5 i 0 . 2 ~ ,  

F, = 13.9 + 0.2%. The volume of a lveo la r  a i r  w i l l  be 5250 f 303 cm3, giving a 
r e l a t i v e  extreme error  of 6.11%. 

For the  i n i t i a l  i nd ices  cF = 4000 + 50 cm", FI = 21.3 + 0.05%; P, 17.6 
+. O.O5%, FA = 16.0 + O.O5%, t h e  volume of  a lveo la r  v e n t i l a t i o n  w i l l  be V, = 

= 2792.h + 57.6 cm" , giving only a 2.1% r e l a t i v e  extreme er ror .  

F ina l ly ,  for t h e  optimum case, r e l a t i v e  t o  t h e  ind ices  a l ready discussed, 
t h e  volume of a lveo la r  a i r  l i e s  i n  the  range of  LOO0 + 133.L cm" , i .e. ,  i s  de
termined w i t h  an extreme r e l a t i v e  e r r o r  of 3.L% 

The s u i t a b i l i t y  of  eq.(12) f o r  p r a c t i c a l  use  w i l l  be  c l e a r  from the  above. 

f )  Calculation of Errors i n  Determining t h e  Reduction Factor  /156 

To reduce the  amount of oxygen or o the r  gas contained, under c e r t a i n  condi
t i ons ,  i n  a standard volume, i .e . ,  t h e  volume t h a t  would be occupied by it a t  
@ C  under 760 mm Hg pressure,  we determined t h e  reduction f a c t o r  by t h e  foxmula 
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I n  t h i s  case, t h e  computational formulas f o r  t h e  extreme e r r o r s  take  the  
form: 

Since both barometric pressure and temperature are determined with a re la 
t i v e l y  high accuracy, t h e  values  of  t h e  extreme e r r o r s  are small. Thus, i n  a 
pressure range of t50 - 760 mm Hg a t  10 - 40°C, t h e  extreme r e l a t i v e  e r r o r s  do 
not exceed t h e  following values:  

It will be c l e a r  t h a t ,  a t  an accuracy of  pressure measurement within 
5 rmn Hg apd ar! accuracy of temperature measurement within l 0 C ,  t h e  r e l a t i v e  
e r r o r  w i l l  not exceed 1.5% of t h e  value of t h e  reduction f a c t o r  over a ra ther  
wide range o f  measurements. 

If t h e  accuracy of meascrement dec l ines  t o  h a l f ,  i .e . ,  t o  10 mm Hg, then 
the  e r r o r  does not increase  by more than 1%. /159 

Knowing the  e r r o r  committed i n  determining the  MV and a l s o  t h e  value of t he  
e r r o r  introduced i n  determining t h e  reduction f ac to r ,  we can ca l cu la t e  t h e  e r r o r  
committed i n  determining t h e  reduced volume of  any gas a t  any i n s t a n t  of t h e  
r e  sp i r ato ry  cycle. 

-g) Determination of Errors  i n  Calculat ing t h e  Reduced Volume 
of Inspired A i r  

We can determine t h e  unreduced volume of t h e  insp i red  a i r  from a known MV, 
s t a r t i n g  from equal i ty  of t h e  volumes of insp i red  and expired ni t rogen f o r  
1 min. I f  we assume t h a t  t h e  expired a i r  i s  co l lec ted  and analyzed f o r  several  
minutes, and t h a t  its temperature, pressure,  and humidity are equal t o  t h e  tem
pera ture ,  pressure,  and humidity of t h e  insp i red  a i r ,  then t h e  volume of t h e  in
spired a i r  p e r  minute can be  determined from 
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which l eads  t o  the  following formulas f o r  determining t h e  extreme errors: 

Let t h e  accuracy of  t h e  MV determination be 100 cm3, and l e t  t h e  MV be de
termined from severa l  one-minute measurements without subs t an t i a l  s c a t t e r  [ i n  
the  opposi te  case, as follows from Sect ion (b ) ,  t h e  e r r o r s  would be considerably 
higher]. 

Furthermore, l e t  t h e  accuracy of measurement of t h e  gas concentration i n  
the  a i r  be 0.1%. Then, making use of t h e  f a c t  t h a t  t he  oxygen concentration i n  
t h e  inspired a i r  i s  almost constant ,  we can f ind  the  extreme r e l a t i v e  error /160 
f o r  var ious MI, provided t h a t  t h e  ni t rogen concentration i n  t h e  insp i red  a i r  
f l u c t u a t e s  i n  t h e  range of 79.0 - 81.5%. 

\i, : 4-0-4.4 Itr '4.6-5.41tr 5.6-6.41tr 6.6-7.4ltr7.6-8.4h 8.6-9.eltr 
89%:2.6-2.9% 2.2-2.5s 1.9-2.Z 1.7-1.9:l 1.6-1.75 1.4-1,5$ 

We can then determine t h e  e r r o r  committed i n  determining the  reduced volume 
of insp i red  air. A s  we have seen, t h e  e r r o r  obtained on appl ica t ion  of a cor
r ec t ion  f o r  t h e  d i f f e rence  i n  t h e  composition of insp i red  and expired a i r  i s  
small, not  exceeding 0.5% The cor rec t ion  f o r  t he  e r r o r  i n  determining the  re
duction fac tor ,  as has been shown, does not exceed 1 - 1.5%. The t o t a l  extreme 
r e l a t i v e  e r ro r ,  f o r  a given accuracy of determination of  t h e  MV, will not ex
ceed .!$.However, as already noted, a decrease i n  t h e  accuracy of  determination 
of  t h e  MV will result i n  a considerable increase  o f  t h e  extreme r e l a t i v e  e r ror .  
Thus, a t  an accuracy of  measurement of t h e  MV t o  200 cm3, t h e  extreme r e l a t i v e  
e r r o r  i s  increased a t  var ious MY t o  I - 2.5% and may reach 6.5%. 

h )  Determination of t h e  B a r  of Calculat ing t h e  gxygen_-
Consumption by Body Tissues 

Neglecting, as before ,  t h e  v a r i a t i o n s  i n  r e l a t i v e  humidity of t he  insp i red  
a i r  by comparison w i t h  t h a t  of t h e  expired air ,  we can determine the  oxygen 
consumption of t h e  organism p e r  minute by t h e  formula 

where k i s  t h e  reduction f ac to r .  

It follows from t h i s  expression t h a t  
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This equation i s  highly complicated f o r  ac tua l  ca lcu la t ion ,  so t h a t  it is  
preferab le  t o  ca l cu la t e  t h e  r e l a t i v e  extreme e r r o r  i n  t h i s  case by a graphical  
method. However, we can make use of t h e  f a c t  t h a t  t h e  volumes of t h e  insp i red  
and expired a i r  d i f f e r  by a small quant i ty .  Assuming them a s  equal, eq.(29) can 
be represented i n  t h e  following form: 

Here t h e  first two terms a r e  known, and t h e  volume of t h e  t h i r d  i s  given 
i n  t h e  following tabula t ion  

EF:,-Fo,:3.3$ 3.65 3.926 4.% 4.5% 4.G 5 . s  

S(F:;F;,):6.C& 5.532 5 . 1 8  4.76% 4.442 4.16% 3 . M  . 
Knowing t h a t  t he  r e l a t i v e  e r r o r  of  t h e  reduction f a c t o r  l i e s  i n  t h e  range 

o f  1 - 1.5% while t h e  r e l a t i v e  e r r o r  of  t h e  IU, a t  an accuracy of measurement 
t o  1GO cm" , i s  from 1 t o  2.5%, we reach the  conclusion t h a t  t h e  t o t a l  r e l a t i v e  
e r r o r  i n  the  determination of  t he  amount of o q g e n  taken up by t h e  t i s q e s  i s  
not  l e s s  Shan h - 10.6%. Under more r igorous assumptions, determining VI i n  
terms of V , ,  we obta in  an add i t iona l  increase of 0.5% i n  t h e  extreme r e l a t i v e  
e r ro r .  A s  indicated by these  ca lcu la t ions ,  t he  maxi" e r r o r  i n  t h e  determina
t i o n  of oxygen consumption by t h e  t i s s u e s  r e s u l t s  from t h e  inaccuracy i n  de te r 
mining the oxygen concentration i n  the  a i r ,  an inaccuracy which i s  d i f f i c u l t  t o  
e l iminate  . 
i )  Deterrrination of the.  Minute Volume by F i c k f s  Formula 

The Fick formula i s  considered t h e  most accurate  method of  determining the  
Mv: 


where /162
F, i s  t h e  concentrat ion of oxygen i n  t h e  a r t e r i a l  blood, and 

F, i s  t h e  concentration of oxygen i n  t h e  venous blood. 

Ekpressing t h i s  formula i n  terms of d i r e c t l y  measured q u a n t i t i e s ,  it can be 
wr i t t en  a s  follows: 

and t h e  absolute  and r e l a t i v e  extreme e r r o r s  produced by i t s  use will be  
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A d i r e c t  app l i ca t ion  of these  formulas i s  s t i l l  more d i f f i c u l t  than t h a t  
of t he  preceding formulas; because of t h i s ,  we w i l l  confine t h e  ca lcu la t ion  t o  
the  construct ion of  nomograms f o r  determining t h e  extreine r e l a t i v e  e r r o r  when 
working w i t h  F i c k f s  formula i n  each spec i f i c  case. I n  so doing, we assumed 
t h a t  Fa v a r i e s  by 1 0  - 21$ and F, by 5 - 16$, and t h a t  t h e  accuracy of de te r 
mination of these  two concentrations i s  not  l e s s  than 0.3%. 

For a rough est imate  of t h e  e r r o r  i n  t h e  determination of t h e  MV, eq.(30),  
derived above, can be  used. 

Then, eq.(33) can be approximated by eq.(3L): 

ss 23 s v * R T .  $(fa- F,) (3L1 
The r e l a t i v e  percentage e r r o r  6 (Fa - F, ) i s  given f o r  var ious values  of 

Fa - F, i n  t h e  following tabula t ion :  

Fi-FY: 1% 2% 35 @ % 6% %. 63 
6(fa-6J:6O.0% 30.0% 20.@ 1S.M l2.G lo.% &6% 7.55 

Fa-Fv: %4 1G 11s 12$ 152 id 1s 16% /163 

$(fa-Fv)'6-% 6.G 5.45% 5 . N  4 . a  4.2% 4.0% 3,75$ 

A s  already shown, t h e  quant i ty  can be given i n  t h e  form 

S V F  = sh'+si/, .S( f ,Z , - F:,) 

where t h e  quantity!(% - %E,)  v a r i e s  from 3.8LL t o  6.67%; t h e  quar, t i ty S i r ,  v a r i e s  
from 1 t o  2.5% and t h e  quan t i ty  6k, from 1 t o  1.5%. 

Hence, it i s  obvious t h a t  t h e  t o t a l  extreme r e l a t i v e  e r r o r  of  determination 
of t h e  MV'by F i c k f s  formula cannot be l e s s  than 9.6$, although it may consider
ably exceed t h i s  value. A s  we have seen, t h e  main por t ion  of  t h e  ermrs com
mitted i n  using F i c k f s  formula i s  not so much due t o  t h e  e r r o r s  i n  determining 
t h e  oxygen consumption p e r  minute as t o  t h e  e r r o r s  i n  determining i t s  concen
t r a t i o n  i n  t h e  blood. 

j ) D e t e r m i n i I n l g n u t e  Volume by S t a r r f  s Formula 

If t h e  MY is  determined by the  empirical  S t a r r  formula 

6 = PR(101 + 0.50 PP - 0.59 DP - 0.61 A )  (35 1 
where PR i s  the  pulse  rate, PP t h e  pulse  pressure,  SP t h e  s y s t o l i c  pressure,  

102 




DP t h e  d i a s t o l i c  pressure,  and A t h e  age in years,  then c e r t a i n  computational 
errors w i l l  a l s o  be committed here. Assuming t h a t  t h e  PR i s  determined with an 
e r r o r  of  2 beats/min, t h a t  t h e  SP i s  measured with an e r r o r  of 5 - 10  mm Hg, 
DP with an e r r o r  of 10 - 20 mn Hg, and A with an e r r o r  of  rounding t o  t h e  near
est year,  t h e  following expression w i l l  be obtained f o r  t h e  extreme absolute  
and r e l a t i v e  e r r o r s  of ca l cu la t ion  (disregarding,  f o r  t h e  time being, t h e  accu
racy of t h e  S t a r r  formula): 

A i  = APR CO + PR (0.50 ASP + 1.09 DP + 0.61 NI) (36 1 
& 

6 6  = 6PR + I. 
0.50 FSP + 1.09 DP + 0.61 hi 

101 + 0.50 SP - 1.09 DP - 0.61 A (37 1 

Since eq.(37) depends on t h r e e  valuables ,  t h e  determination of  t h e  extreme 
r e l a t i v e  e r r o r  by t h e  t abu la r  method i s  somewhat tedious. Therefore, we will 
here confine ourselves  t o  considering only t h e  extreme cases. 

A t  values  of SP = 130 + 5; DP = 100 I 15 ;  A = 85 + 1, t h e  value of 6 6  a t  
PR = 40 + 2 i s  276%. 

A t  SP = 1LO -L 5; DP = 8 0  t 10;A = 20 f 1; and PR = 180 J. 2, t h e  value of 
6 i  does not exceed 12.2%. 

Final ly ,  a t  t h e  optimqp values  SP = 120 + 5; DP = 80  f 10;A = 30  f 1; and 
PR = 80 L 2, t h e  value of 6Q i s  28% 

A s  shown, a ca l cu la t ion  by t h e  S t a r r  formula l e a d s  t o  g r e a t e r  r e l a t i v e  
e r r o r s  than by t h e  Fick formula. The p o s s i b i l i t y  f o r  decreasing these  e r r o r s  
l i e s  mainly i n  subs t an t i a l ly  increas ing  t h e  accuracy of  measurement of DP i n  the  
range o f  80 - 100 mm Hg. Averaging a s e r i e s  of successive measurements of t h e  
DP might be use fu l  here. Thus, as indica ted  above, even averaging t h e  results 
of th ree  successive measurements may increase  the  accuracy of  measurement by a 
f a c t o r  of 1.7, thus considerably decreasing t h e  main component of t he  r e l a t i v e  
extreme e r ro r ,  produced by t h e  accuracy of measurement of DP. 

Next, using these f o m l a s  as b a s i s ,  we determine t h e  poss ib le  e r r o r s  i n  
ca lcu la t ing  a l l  s t ages  of  t he  oxygen cascade of t h e  organism. The only excep
t i o n  will be t h e  determination of e r r o r s  i n  f ind ing  t h e  p a r t i a l  oxygen pressure 
i n  t h e  a r t e r i a l  and venous blood, s ince  t h i s  depends on t h e  form of  t h e  hemo
globin d i s soc ia t ion  curve and i s  e a s i e r  t o  determine, f o r  var ious concentra
t ions ,  by a graphical  method. 

Summarizing our  study, l e t  u s  i s o l a t e  some of t h e  most important components 
exer t ing  an inf luence on t h e  increase  of t h e  extreme r e l a t i v e  e r r o r s  of  calcu- /165
l a t i o n .  

A s  shown above, t h e  primary cause f o r  t h e  increase  i n  t h e  e x t r e m e  r e l a t i v e  
e r r o r s  of ca l cu la t ion  i s  not  t h e  inadequate accuracy of t h e  apparatus  b u t  t he  
d ispers ion  of t h e  r e s u l t s  of  successive determinations. By v i r t u e  of t h i s  f a c t ,  
t h e  requirements are considerably increased f o r  determination of t h e  s t a t iona ry  
oxygen regime of  t h e  organism during t h e  t i m e  of inves t iga t ion ,  which i n  t u r n  
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demands averaging of t h e  da t a  obtained over severa l  successive time in t e rva l s .  

Our second conclusion i s  t h a t  t he  ca lcu la t ion  of t h e  oxygen regime for a 
s ing le  r e sp i r a to ry  cycle  i s  subject  t o  considerably g r e a t e r  e r r o r s  than t h e  
ca lcu la t ion  f o r  1minute of r e sp i r a t ion ,  and t h a t  t he re fo re  t h e  l a t t e r  should 
be used wherever possible .  

F ina l ly ,  an important conclusion i s  t h e  f a c t  t h a t ,  i n  determining t h e  d i f 
ference between two gases of c lose ly  adjacent  concentrations,  t he  magnitude of  
t he  extreme r e l a t i v e  e r r o r  increases  sharply. This makes it des i r ab le  t o  
measure t h e  o q g e n  concentration of  t h e  a r t e r i a l  and venous blood w i t h  a higher 
degree of accuracy, which can be accomplished by running a s e r i e s  of p a r a l l e l  
determinations and averaging t h e  r e s u l t a n t  data .  

The same statement app l i e s  t o  determining t h e  pulse  pressure when t h e  
S t a r r  formula i s  used i n  measuring the  minute volume, 
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A s  a r e s u l t  of t h e  evolut ion of t h e  organic world i n  a m e d i u m  with a ce r t a in  
oxygen content,  oxidat ion has  been t h e  most important source of energy for 
physiological  processes, It has  been the  s t ruggle  f o r  oxygen t h a t  has  l a rge ly  
shaped the  course of  evolution of  mammals and man, t h e  development of t h e  com
plex  system of  special ized organs and mechanisms serving t h e  oxygen metabolism. 
T h i s  sane s t ruggle  has  been responsible  f o r  t h e  development of  t h e  r e sp i r a to ry  
organs, t h e  c i r cu la to ry  system, t h e  erythron, and many o the r  mechanisms whose 
function i s  t o  supply the  c e l l s  with oxygen. 

Thus, as a r e s u l t  of evolution, t h e  oxygen metabolism has been defined as 
a c o q l e x  but s t i l l  un i t a ry  process  requi r ing  numerous physiological ,  biochemi
ca l ,  physical  and o the r  mechanisms f o r  i t s  accomplishment, mechanisms which, 
with amazing accuracy, ensure constancy of t h e  oxygen parameters - under normal 
conditions - a t  each s tage  o f  oxygen metabolism i n  t h e  organism. 

The high degree of  organizat ion and coordination of t h e  oxygen metabolism, 
the  interdependence of  i t s  parameters over t h e  e n t i r e  path of oxygen i n  t h e  
organism, t h e  interdependence and t o  some extent  t h e  in te rchangeabi l i ty  of t h e  
a c t i v i t y  of t h e  regulatory organs and systems, has  not  y e t  been fu l ly  appreci
a ted  by phys io logis t s  i n  t h e i r  considerat ions of  t h e  oxygen metabolism. 

Despite t h e  wealth of d a t a  on the  physiology of r e sp i r a t ion  and on o the r  
systems t h a t  cont ro l  t h e  supply of oxygen t o  t h e  lungs,  t o  t h e  blood, and t o  /167
t h e  t i s s u e s ,  as well  as  i t s  u t i l i z a t i o n  i n  the  c e l l s ,  t h e  approach t o  t h e  study 
of t h e  oxygen metabolism a s  a complex process in t eg ra t ing  t h e  a c t i v i t y  of many 
regula t ing  mechanisms, h a s  no t  been properly defined. 

I t  m u s t  be  emphasized t h a t  t h e  c l a s s i c a l  physiology of  r e sp i r a t ion ,  which 
considers oxidat ion as  t h e  essence of r e sp i r a t ion ,  assumed it t o  be self-evident 
t h a t  oxidat ion was ir, constant coordination w i t h  t h e  o t h e r  manifestat ions of 
l i fe .  Haldane, i n  studying t h e  regula t ion  of r e sp i r a t ion ,  emphasized i t s  sub
ord ina t ion  t o  t h e  physiological  needs of  t he  organism, t o  t h e  organismfs demand 
f o r  oxygen, and t o  i t s  necess i ty  of el iminat ing carbon dioxide. 

Subsequently, excessive spec ia l i za t ion  resulted i n  t h e  study of  many func
t i o n s  separa te ly  from o the r  forms of  a c t i v i t y  of  t h e  organism, and t h e  f a c t s  on 
t h e i r  regula t ion  were not  proper ly  cor re la ted  with t h e  physiological  needs of 
t h e  organism. 

To a considerable degree, this can also be explained by t h e  f a c t  t h a t  al
though organic physiology has  accumulated much valuable  information on t h e  func
t i o n s  of t h e  ind iv idua l  organs and physiological  systems and on t h e i r  neuro
humoral regulat ion,  it has never the less  been dominated by anatomical concepts 
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and thus  neglected t h e  study of  physiological  processes  with reference t o  t h e i r  
successive q u a n t i t a t i v e  charac te r iza t ion  a t  var ious  s tages  i n  t h e  organism. 

Although I.M.Sechenov, Krog, Bohr, Haldane, Rarcrof t ,  van Slyke, Warburg, 
and o ther  c l a s s i c a l  phys io logis t s  i n  t h e  a rea  of r e s p i r a t i o n  and o the r  f i e l d s  /168
developed methods and formulas t h a t  are s t i l l  i n  use  today f o r  ca l cu la t ing  and 
determining t h e  oxjgen parameters, and although these  au-thors paid spec ia l  a t 
ten t ion  t o  t h e  q u a n t i t a t i v e  a spec t s  of t h e  problem, no cons is ten t  q u a n t i t a t i v e  
charac te r iza t ion  of oxygen metabolism as such has ever been published. 

A d e f i n i t e  s t e p  forward i n  t h e  evaluat ion o f  t h e  owgen metabolism as a 
whole was taken by A.M.Charniy (19L7) who proposed t h e  term "oqgen budget of 
the  organism'?. Aside from t h e  methodological d i f f i c u l t i e s  involved i n  t h e  
formulation of t h e  concept of an oxygen budget o f  t h e  organism (as he himself 
pointed o u t ) ,  t h e  b a s i c  idea  of "oqygen budget of t h e  organism", while giving 
an ove ra l l  q u a n t i t a t i v e  evaluat ion of t h e  oxygen metabolism, did not y i e ld  a 
consecutive charac te r iza t ion  of var ious s tages  of t he  oxygen metabolism and did 
not e luc ida te  t h e  mechanisms of i t s  regulat ion.  

The general  t echnica l  advance i n  t h e  theory of cont ro l  and the  development 
of laboratory techniques during t h e  pas t  10  - 1 5  years ,  i n  connecting with t h e  
widespread use  of  e l ec t ron ic s  i n  physiology, t h e  appearance of oxyhenometrlr, 
polarography, e tc . ,  t h e  p o s s i b i l i t y  of more accura te  and more rapid deterrnim
t ion  of t h e  oxygen parameters i n  dynamics, a t  simultaneous r e g i s t r a t i o n  of t h e  
ind ices  of ac t ' iv i ty  of  t h e  var ious  physiological  systems par tAcipat ing i n  oqygen 
metabolism, and t h e  adoption of a d i f f e r e n t  approach t o  t h e  problem of omgen 
metabolism, a l l  l e d  t o  a number of i nves t iga t ions  which permitted,  t o  a g rea t e r  
o r  l e s s e r  degree, a charac te r iza t ion  of t h e  processes  a s  a w-hole and t h e  in t ro
duction of new concepts of  de f in i t i on .  

Thus, t h e  recent  American l i t e r a t u r e  has proposed terms such a s  ?*overal l  
oxygen gradient" and oxygen "cascade", r e f l e c t i n g  t h e  gradual decrease of t he  
p a r t i a l  oxygen pressure along i t s  path i n  t h e  organism (Luft ,  Armstrong, /1oq

T h i s  index has been compared with t h e  minute volume, the1962; Hurtado, 1963). 

a lveolar  v e n t i l a t i o n ,  t h e  r a t e  of  O 2  d i f fus ion ,  t h e  oxygen capaci ty  of t h e  

blood, t h e  d i s soc ia t ion  curve of  oxyhemoglobin ar.d GO2, e tc .  (Fenn, Rahn, 
1959; Hurtado, 1963). 

The concept of  t h e  o v e r a l l  o q g e n  *?gradient" ( t h e  gradient  between the  p02 
of t h e  insp i red  a i r  and t h e  p02 of t h e  mixed venous blood)  within which the  
au.thors d i s t ingu i sh  t h e  atmosphero-tracheal, t he  tracheo-alveolar,  t h e  alveolo
a r t e r i a l ,  and t h e  ar ter iovenous gradien ts  of pG2 which i s  one of t h e  in t eg ra t ing  
ind ices  of oxygen metabolism, c rea t e s  t h e  idea  of physical  condi t ions under 
which oxysen exchange proceeds a t  var ious s tages  of t h e  oqrgen cascade, y ie ld ing  
da ta  on the  economy of  t h e  e f f o r t s  of t h e  organism under changed cor.ditions ( f o r  
example, during t h e  process of acc l imat iza t ion  t o  high mountain cl imates;  
Hurtado ). 

However, t h e  grad ien ts  of p a r t i a l  oxygen pressure cannot completely charac
t e r i z e  t h e  changes in the  oxygen metabolism, s ince  they  do not  revea l  t h e  rela
t i o n  between t i s s u e  oxygen demand and oxygen reserves  a t  var ious  s tages  of t he  
metabolism and s ince  they do not  give a q u a n t i t a t i v e  charac te r iza t ion  of the  
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oxygen metabolism. 

Owing t o  t h e  f a c t  t h a t  t h e  cascade of changes i n  pq2 gives  an idea  of t h e  
condi t ions under which oxygen exchange t akes  place r a t h e r  than of t h e  oxygen 
exchange i t s e l f ,  we be l i eve  t h a t  t h e  in t roduct ion  of quan t i t a t ive  charac te r i s 
t i c s  of oxygen exchange i s  of except ional  importance. W e  mean here oxygen /170
parameters t h a t  successively r e f l e c t  t h e  amount of  oxygen a r r i v i n g  i n  u n i t  time 
from t h e  insp i red  a i r  ( q I C p  ), del ivered  t o  t h e  a l v e o l i  ( ~ 0 ,  t ransported by), 
t h e  a r t e r i a l  blood t o  the  t i s s u e s  ( s G 2 ) ,  ca r r ied  away by t h e  venous blood from 
the  t i s s u e s  (qv02) ,  and consumed by t h e  t i s s u e s  themselves (qt02) .  

A graphic representa t ion  of  t hese  parameters, represented i n  t h e  form of  
a cascade of q G 2 ,  y i e l d s  a s e r i e s  of quan t i t a t ive  c h a r a c t e r i s t i c s  of o q g e n  ex
change i n  t h e  organism, which will be discussed below. 

A comparison of t h e  cascades of  q02 and p02 c l e a r l y  shows t h a t ,  a t  var ious 
s tages  o f  t h e  metabolism, these  bas i c  oxygen parameters a r e  interdependent t o  
some extent .  

The dependence o f  the  values  of t h e  parameters on the  var ious s tages  of t h e  
cascades, t he  f a c t  t h a t  they a r e  sens i t i ve ly  cont ro l led  by t h e  physiological  
systems i n  accordance with t h e  oxygen demand of t h e  t i s s u e s ,  predetermined by 
phylogenesis and ontogenesis f o r  t h e  var ious v i t a l  events,  def ine  t h e  oxygen 
metabolism a s  a process taking p lace  i n  a c e r t a i n  regime o r  set of operat ing 
conditions,  i .e.,  permit u s  t o  speak of an "oxygen regimetr of t h e  organism and 
t o  a s s e r t  t h a t  t h i s  regime i s  maintained by t h e  regula tory  system of t h e  oxygen 
regime (%OR). 

The oxygen regime of  t h e  organism can be defined as the  s e t  of  i n t e r r e l a t e d  
opjgen parameters (pGz and qG2) of t h e  insp i red  and a lveo la r  a i r ,  of  t h e  arteri
a l  and venous blood, and of  t h e  tissues, determined by t h e  func t iona l  i nd ices  of 
t h e  ex terna l  r e sp i r a t ion ,  t h e  blood c i r cu la t ion ,  t h e  erythron, t h e  physico

e, 	 chemical and biochemical processes  d i rec ted  toward maintenance of  a proper match 
between the  oxygen demand of  t h e  t i s s u e s  and supply of oxygen t o  there .  

Since the  most important changes i n  t h e  oxygen parameters take  p lace  i n  
t h e  pulmonary r e se rvo i r ,  i n  t h e  blood washing t h e  a l v e o l i ,  and i n  t h e  blood 
washing t h e  t i s s u e s ,  we be l i eve  it poss ib le  t o  d i s t ingu i sh  these  p o i n t s  as ele
ments o r  s tages  of  t h e  ob jec t  cont ro l led  by t h e  MOR. /171 

I n  the_pulmonazy reservoi r ,  t h e  insp i red  air  undergoes a considerable 
change i n  composition. Depending on t h e  pulmonary ven t i l a t ion ,  Le . ,  as a func
t i o n  of t h e  minute volume; t h e  frequency and depth of r e s p i r a t i o n  (which, i n  
turn ,  depend on t h e  pC02 of  t h e  a lveo la r  a i r  and t h e  arterial  blood);  t h e  r a t i o  
of t h e  r e sp i r a to ry  volumes; t h e  degree of  a lveo la r  v e n t i l a t i o n ;  t h e  quan t i ty  of 
oxygen t ransported by t h e  blood i n  u n i t  t i m e ;  t he  degree of  oxygen def ic iency
i n  t h e  venous blood; t h e  d i f fus iona l  power of oxygen ac ross  t h e  alveolo-capi l lary 
membrane, e tc . ,  t h e  oxygen parameters of t h e  in sp i r ed  a i r  are transformed i n t o  
t h e  amount of  oxygen ven t i l a t ed  i n  u n i t  time i n  t h e  a l v e o l i ,  and t h e  p a r t i a l  
oqygen pressure of t h e  a lveo la r  air. 

Ln_the-blood s u p p m n g  t h e  a l v e o l i ,  i n t e r a c t i o n  t akes  p lace  between t h e  
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o v g e n  parameters of t h e  a lveo la r  a i r  and of  t h e  venous blood, which i s  not  only 
determined by t h e  values  of t hese  parameters, bu t  a l s o  by such f a c t o r s  as uni
formity of a lveo la r  v e n t i l a t i o n ;  r a t i o  of a lveo la r  v e n t i l a t i o n  t o  blood flow 
through the  c a p i l l a r i e s  of t h e  lungs; exis tence of  ar ter iovenous shunts  i n  the  
lungs; oxygen capaci ty  of t h e  blood; a f f i n i t y  of hemoglobin for oxygen (depend
ing  t o  a c e r t a i n  ex ten t  on t h e  COz content of t h e  blood and t h e  PI! o f  t h e  
blood); r a t e  of d i f f u s i o n  of  oxygen across  t h e  alveolo-capi l lary membranes, e tc .  
A s  a r e s u l t  o f  t h i s  i n t e rac t ion ,  t h e  orjgen parameters o f  t h e  a lveo la r  a i r  and 
of t h e  venous blood are converted i n t o  t h e  parameters of t h e  a r t e r i a l  blood, 
which a r e  t h e  oxygen tension and t h e  amount of oxygen t ransported by t h e  a r t e r i 
a l  blood i n  u n i t  t i m e .  

I n  t he  blood s u p m a  t h e  t i s sue2 ,  t h e  inf luence of oxygen consumption bjr 
t he  t i s sues ,  depending on- the  rate of blood flow, of c a p i l l a r y  i r r i g a t i o n  /172
and f i l l i n g ,  on t h e  r a t e  of d i f f u s i o n  of  oxygen across  t h e  capi l la ry- t i ssue  
membranes and t h e  t i s s u e  f l u i d s ,  on t h e  p rope r t i e s  of t h e  t i s s u e  globins  and 
enzymatic systems, e tc . ,  t h e  oxygen parameters of t h e  ar ter ia l  blood a r e  con
verted i n t o  t h e  amount of oxygen t ransported by t h e  venous blood t o  t h e  lungs 
and t h e  p a r t i a l  oxygen pressure of  t h e  venous blood. 

In  t h e  t i s s u e s ,  which a r e  t h e  oxygen consumers and thus  c o n s t i t u t e  t h e  
load on the  system, t h e  u t i l i z a t i o n  of oqygen proceeds as a funct ion of  the  
oxjgen parameters of t h e  a r t e r i a l  and venous blood, of t he  s t a t e  of t h e  t i s s u e  
and i t s  neurohumoral regulat ion,  and of  t h e  processes  tak ing  place on t h e  t i s s u e ,  
c e l l u l a r ,  and .molecular l eve l s .  

The d i f f e r e n t i a t i o n  of t h e  above elements of  t h e  RSOR i s  l a r g e l y  a r b i t r a r y ,  
s ince t h e  changes i n  oxygen parameters take  place over t h e  e n t i r e  path of oxygen 
i n  the  organism, not  only a t  t h e  above points .  Such v a r i a t i o n s  a l s o  occur i n  
the  upper r e sp i r a to ry  t r a c t ,  i n  t h e  pdnmnary venules and a r t e r i a l  bloodvessels,  
as well  as i n  t h e  a r t e r i o l e s ,  venules, and veins of  t h e  systemic c i r cu la t ion .  
However, by comparison with t h e  transformation o f  t h e  oxygen parameters i n  t h e  
above-mentioned elements of t h e  RSOR, these  changes a r e  not extensive and a r e  
f a r  less s i g n i f i c a n t  for t h e  oxygen metabolism as a whole. 

The q u a n t i t a t i v e  accounting of  t h e  oxygen and i t s  p a r t i a l  pressure i n  t h e  
var ious elements of  t h e  oxygen regime and t h e  graphic representa t ion  of these  
oqygen parameters i n  t h e  form of  cascades, permits  (as s t a t ed  above) t h e  in t ro 
duction of add i t iona l  c r i t e r i a  f o r  evaluat ing t h e  oxygen regime, These c r i t e r i a  
can be divided i n t o  th ree  groups. 

The first group of ind ices ,  permit t ing an evaluat ion of t h e  oxygen regime 
from t h e  v a r i a t i o n  i n  t h e  amount of oxygen, can charac te r ize  this regime by /173
l eve l ,  i n t e n s i t y ,  and effect iveness .  

The second group of ind ices ,  evaluat ing t h e  p02 l e v e l  and t h e  p02 gradien ts  
i n  t h e  var ious elements of  t h e  RSOR, can charac te r ize  t h e  i n t e n s i t y  of t he  
oxygen regime. 

The t h i r d  group of ind ices ,  charac te r iz ing  t h e  i n t e r r e l a t i o n s  between t h e  
regulatory inf luences  of t h e  func t iona l  systems and t h e  oxygen consumption of 
t he  organism, permits an evaluat ion of t h e  economy of t h e  oxygen regime. 
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The o v e r a l l  l e v e l  of t h e  cascade q02 i s  determined by t h e  amount of oxygen 
i n  t h e  following s t e p s  of this cascade: 1)inspi red  a i r ;  2) a lveo la r  a i r ;  3) ar
te r ia l  blood; L) venous blood. The l e v e l  of t he  cascade q0, i s  n a t u r a l l y  not 
i d e n t i c a l  with t h e  concept, genera l ly  accepted i n  physiology, of t h e  l e v e l  of 
oxygen metabolism, which charac te r izes  only t h e  oxygen consumption of t h e  tis
sues, i .e.  , t h e  s t r e s s  on t h e  system-:-. 

The i n t e n s i t y  of  t h e  o q g e n  regime i s  defined by t h e  amounts of oxygen i n  
each scepof t h e  cascade, r e l a t e d  t o  t h e  weight or surface of t h e  body. 

The e f f i c i ency  of t h e  oyygen regime i s  character ized by t h e  r a t i o  of t he  
amount of oqygen a t  t h e  input  of  each element t o  t h e  amount of  oxygen consumed 
and t o  t h e  i n t e r r e l a t i o n s  between these  quan t i t i e s .  

The stress of t h e  o q g e n  regime i s  character ized by ind ices  such as t h e  
l e v e l  of pOz i n  t h e  var ious  s t e p s  of  t h e  cascade and t h e  p02 gradien ts  between 
them. S ign i f i can t  f o r  t h e  determination of  t h e  s t r e s s  of t h e  oqygen regime /17L 
in t h e  second and t h i r d  s t e p s  are those  por t ions  of t h e  oxyhemoglobin dissocia
t i o n  curve t o  which t h e  ar ter iovenous gradien t  of p02 corresponds. 

The- economy-of  the-oxygen repjme may be judged from many indices  determin
ing  t h e  r e l a t i o n  of  t he  parameters of a c t i v i t y  of t h e  physiological  systems t h a t  
p a r t i c i p a t e  i n  t h e  regula t ion  of t h e  oxygen regime. 

Thus, one can judge t h e  economy of  t h e  oxygen regime (OR) i n  t h e  f irst  
s tage  from t h e  v e n t i l a t i o n  equivalent ,  t h e  oxygen u t i l i z a t i o n  f ac to r ,  t h e  oxygen 
e f f e c t  of t h e  r e sp i r a to ry  cycle,  t h e  r a t i o  of  r e sp i r a to ry  volume, t h e  oxygen 
value of pulmonary v e n t i l a t i o n ,  e t c .  

In  t h e  second and t h i r d  s tage,  t h e  economy of  t h e  oxygen regime may be 
character ized by t h e  r e l a t i o n  between minute volume and oxygen consumption, by 
the  oxygen e f f e c t  of  a card iac  cont rac t ion  (oxygen consumption), and by t h e  
s y s t o l i c  index. The necess i ty  of  t h e  above approach t o  t h e  oxygen metabolism 
arose  during an ana lys i s  of t h e  voluminous experimental mater ia l  obtained i n  
s tud ie s  of t he  hypoxic s t a t e s  of human subjec ts  (A.Z.Kolchinskaya, 1958, 1959,
1961,1964,1965;V.V.Turanov, 1958, 1.961;M.M.Seredenko, 196L, 1965;N.T. 
Khilinskaya, 1965) and of  animals (N.V.Lauer, 1951, 1959, 1960,1961, 1963,196L,
1965;N.V.Lauer and Kolchinskaya, 1958, 1959, 1960,1961, 1962, 1963, 196L, 1965; 
M.M.Koganovskaya, 1962, 1963, 1964;M.M.Seredenko, 1962,1963, 1964;V.V .Turanov,
1963,1964;Yu.V.Semenov, 1960, 1961, 1963, 1964). 

This ana lys i s  showed t h a t  t h e  oxygen regimes of t h e  organism a t  t h e  var ious 
s tages  of ind iv idua l  l i f e  are d is t inguished  by a number of  fea tures ,  c o m n  /175_
t o  a given age group. 

F i r s t  o f  a l l ,  t h e r e  a r e  d i f f e rences  between age groups i n  t h e  general  l e v e l  
of t h e  cascade q02. I n  a middle-aged subjec t ,  wi th  g r e a t e r  body weight and body 
sur face  than i n  youth o r  childhood, t h e  amount of  oxygen furnished by pulmonary 

25 See t h e  a r t i c l e  by A.Z .Kolchinskaya, N.V.Lauer, and Ye.A.Shkabara "Regulation 
of  t h e  Oxygen Regime of  t h e  Organism" i n  t h i s  book. 
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a lveo la r  v e n t i l a t i o n  and t h e  amount of oxygen t ransported by t h e  a r t e r i a l  and 
venous blood, a r e  a l s o  grea te r .  

It i s  a s t r i k i n g  f a c t  t h a t  t h e  cascade q02 of a young subjec t  d i f f e r s  from 
t h a t  of o the r  ages by a c e r t a i n  i r r e g u l a r i t y  of  t h e  s teps ,  which i s  most c lear 
l y  manifested a t  t h e  l e v e l s  of a l v e o l o - a r t e r i a l  blood. 

It i s  genera l ly  known t h a t  t h e  amount of oxygen t ranspor ted  by t h e  arterial  
blood i n  u n i t  time i s  d i r e c t l y  proport ional  t o  t h e  minute volume (MY)and t o  t h e  
concentration of  oxygen i n  t h e  ar ter ia l  blood. The MY a t  t h e  age of puberty 
l a g s  considerably (throughout t h e  organism) behind t h e  card iac  output of  t h e  
adu l t ,  which i s  r e f l e c t e d  i n  t h e  reduced amount of oxygen de l ivered  i n  u n i t  time 
by t h e  a r t e r i a l  blood t o  t h e  t issues of  t h e  young subject.  

The amount of oxygen ven t i l a t ed  i n  t h e  lungs and a l v e o l i  and car r ied  from 
t h e  lungs by the  ar ter ia l  blood, l i k e  t h e  oxygen consumption p e r  kg of body 
weight, are high in chi ldren  (5 - 6 years  of age) ,  are lower a t  puberty than i n  
childhood b u t  s t i l l  remain somewhat higher than i n  middle age, i .e. ,  t h e  in
t e n s i t y  of t h e  oxygen regime i n  a young sub jec t  i s  higher  than  i n  middle age 
and o ld  age, 

The o v e r a l l  g rad ien t  of t h e  cascade, 902, may be of a c e r t a i n  value i n  11-76 
evaluat ing t h e  oxygen regime. The oxygen regime i n  youth may serve as an ex
ample. 

The e f f i c i ency  of t h e  oxygen regime may be somewhat enhanced in t h e  com
pensable s t ages  of  hypoxia, owing t o  t h e  f a c t  t h a t  ar, oxygen consumption equal 
t o ,  or somewhat higher  than, t h e  i n i t i a l  l e v e l  may be s a t i s f i e d  by decreased 
amounts of oxygen a t  t h e  input  and output of t h e  s tages  of t h e  %OR; t h i s  i s  
p a r t i c u l a r l y  d i s t i n c t  i n  middle age, which i s  dis t inguished by t h e  highest  de
gree of per fec t ion  i n  t h e  regula t ion  of t h e  oxygen regime. 

Also of i n t e r e s t  a r e  t h e  r a t i o s  of t he  amounts of  oxygen a t  each s tage of  
t h e  cascade t o  t h e  consumption of oxygen on t h a t  s tage,  which may be used t o  
charac te r ize  t h e  e f f i c i ency  of t h e  OR i n  i t s  severa l  stages.  For instance,  con
s ider ing  t h a t  t h e  oxygen in t ake  i n  t h e  lungs and a l v e o l i  in middle age is, re
spect ively,  four  and t h r e e  t imes as much as t h e  consumption, while i n  youth it 
i s  six and f i v e  t i m e s  as mch,  t h e  impression i s  gained t h a t  t h e  OR i s  more ef
f i c i e n t  i n  t h e  first and second s tages  i n  middle age than  i n  youth. Owing t o  
t h e  high s p e c i f i c  Mv (per  kg), which ensures a high q02 i n  t h e  a r t e r i a l  blood 
desp i t e  t h e  apparent ly  g rea t e r  oxygen consumption, t h e  e f f i c i ency  i n  t h e  t h i r d  
s tage  of t h e  OR in youth i s  a lso  lower than i n  middle age. I n  childhood and i n  
youth, t h e  important r o l e  played by hemodynamics ensuring physiological  relia
b i l i t y  of oxygen supply t o  t h e  t i s s u e s ,  i s  p a r t i c u l a r l y  d i s t i n c t .  

According t o  Yu.V.Semenov and t h e  l i t e r a t u r e ,  t h e  r e l a t i v e l y  low oxygen 
capaci ty  of t h e  blood observed i n  puppies i n  e a r l y  age during the  period of 1177 
sexual maturation (19.5 vel.$), sti l l  does no t  reach i t s  level i n  grown dogs 
(22.9 v01.g). This r e l a t i v e l y  low oxygen capaci ty  i s  due pr imar i ly  t o  t h e  low 
hemoglobin concentration and erythrocyte  count p e r  m3 (ery. = 6600 f 6 ~ 0i n  
dogs of m e d i u m  age; 4530 t 330 i n  3 month old puppies and 5600 -L 380 i n  6 - 7 
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month o ld  puppies). 

A t  t h e  same time, t h e  t o t a l  number of  erythrocytes  c i r c u l a t i n g  in t h e  blood 
(per  kilogram of body weight, r e l a t e d  t o  t h e  volume of c i r c u l a t i n g  blood) re
mains r e l a t i v e l y  low i n  e a r l y  age. I n  grown dogs it w a s  37 t 7 d / k g ,  i n  1.5 
month o ld  puppies it was 27 f h ntf,/kg, and i n  puppies a t  puber ta l  age, it was  
30 f- 4 d / k g ;  however, when t h e  time f a c t o r  i s  introduced, t h e  opposi te  tendency 
i s  disclosed:  The number of e ry throcytes  t ransported by t h e  blood p e r  minute 
and pe r  kilogram of body weight i s  g r e a t e r  a t  an e a r l y  age than a t  medium age, 
a s  i s  a l s o  t r u e  f o r  t h e  amount of  oxygen del ivered t o  t h e  t i s s u e s  of  t h e  a r t e r i 
a l  blood in t h e  same u n i t  time. 

The number of  e ry throcytes  car r ied  by t h e  blood pe r  minute, in dogs of  
var ious ages under normal conditions,  i s  as follows: i n  dogs of  middle age,
647 X 18; i n  2 - 3 week o ld  puppies, 777 X 18;i n  6 - 7 month o ld  puppies, 
957 X 18. It i s  a s t r i k i n g  f a c t  t h a t  a l s o  t h e  oxygen value of  t h e  erythro
cytes  i s  g rea t e r  i n  e a r l y  age than  in t h e  mature animal. 

Under condi t ions of  hypoxia, with dec l in ing  pOz i n  t h e  insp i red  air ,  t h e  
i n t e n s i f i e d  c i r c u l a t i o n  can d e l i v e r  more oxygen t o  t h e  t i s s u e s  than  t h e  quant i ty  
ven t i l a t ed  i n  t h e  a l v e o l i  during t h e  same time. However, this i s  observed /178 
in grown animals only i n  cases of marked oxygen insuf f ic iency ,  while in puppies 
of puber ta l  age it i s  a l s o  observed a t  less marked hypoxia. 

A s  a l ready noted, a comparison of t he  a c t i v i t y  ind ices  of t h e  func t iona l  
systems, p a r t i c i p a t i n g  i n  t h e  supply of oxygen t o  t h e  t i s s u e s ,  with t h e  oxygen 
consumption i s  ab le  t o  charac te r ize  t h e  economy of t h e  oxygen regime as a whole 
and of i t s  indiv idua l  s tages ,  and a l s o  y i e l d s  information on t h e  r o l e  of each 
funct ion i n  the  regula t ion  of t h e  OR. Judging from t h e  d i s t r i b u t i o n  of t h e  re
sp i r a to ry  volumes, t h e  ind ices  of t h e  v e n t i l a t i o n  and hemodynamics equivalents ,  
t he  oxygen e f f i c i ency  of t h e  r e sp i r a to ry  and cardiac cycles,  e tc . ,  it seems t h a t  
t he  oxygen regimes a t  t h e  var ious  per iods  of ind iv idua l  development are d i s 
t inguished by d i f f e re r , t  degrees  of economy, i .e . ,  t h a t  t h e  p a r t i c i p a t i o n  of t h e  
var ious func t ions  i n  t h e  supply of  oxygen t o  t h e  t i s s u e s  during t h e  var ious 
s tages  of growth, i s  unequal. There i s  reason t o  be l ieve  t h a t  t h e  OR is  most 
economical i n  middle age, while i n  e a r l y  age, youth and old age, it i s  less 
economical. 

This l o w  economy of  t h e  OR i n  youth and o ld  age i s  a l ready  manifested i n  
t h e  first s tage  of  t h e  RSOR, For example, i n  an adu l t ,  each 100 m& of oxygen 
consumed i s  extracted from 2.5 ltr of a i r  ven t i l a t ed  i n  t h e  lungs;  t h e  ch i ld  
r equ i r e s  3 ltr, w h i l e  an o ld  person must pass  about 3.2 l t r  of a i r  through t h e  
lungs t o  ensure t h e  same r e s u l t ,  

The same r e l a t i o n s h i p  exists wi th  respec t  t o  t h e  oxygen consumed in one 
r e s p i r a t o r j  cycle, during which t h e  a d u l t  uses  20 mC of  oxygen, t h e  ch i ld  5 d ,  
t h e  young person 10.5 I& and t h e  o ld  person 12 d .  

The hemodynamic expenditures correspond t o  t h i s  lower economy a t  this age. 
It i s  s u f f i c i e n t  t o  state t h a t  each 100 I& of oxygen used by t h e  t i s s u e s  i s  /179
ext rac ted  by t h e  ch i ld  o r  o ld  person from about 1700 I& of arterial  blood, by 
t h e  youth from 1470 d ,  and by t h e  middle-aged person from 1 l J O  I&; o r  t h a t  t h e  
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oxygen e f f i c i ency  of one card iac  cycle,  i .e. ,  t h e  amount of  oxygen taken up by 
the  t i s s u e s  during a s ing le  cardiac cycle,  i s  1.21 i n  t h e  5 - 6 pear  o ld  ch i ld ,  
2.6 i n  t h e  youth, and 4 n d  of Oa in t h e  middle-aged person. S a t i s f a c t i o n  of 
t he  physiological  oxygen requirements of t h e  ch i ld ,  young person, or old  person 
p laces  a g r e a t e r  s t r a i n  on t h e  hemodynamics than i n  t h e  middle-aged person. 

The p02, t h e  o v e r a l l  oxygen gradient ,  and t h e  grad ien t  a t  t h e  input  and 
output of t h e  var ious units of t h e  RSOR, are of  g rea t  importance f o r  character iz
ing  t h e  OR; f o r  t h e  grad ien t  between t h e  t h i r d  and fou r th  units (i .e. ,  f o r  t h e  
arteriovenous gradien t  of  p02), t h e  pos i t i on  a t  which it i s  located on the  o q 
hemoglobin d i s soc ia t ion  curve may well  charac te r ize  t h e  stress on t h e  OR. 

I n  chi ldren,  t h e  high l e v e l  of p02 of t h e  a r t e r i a l  blood r e s u l t s  i n  a high 
gradient  between t h e  t h i r d  and four th  u n i t s  of  t h e  OR and i t s  high pos i t ion  on 
the  oxjhemoglobin d i s soc ia t ion  curve. I n  o ld  age, i n  con t r a s t ,  t h e  lowest value 
of t he  gradient  PA-B02 fa l l s  on t h e  lowest and s teepes t  segments of t he  curve, 
i .e. ,  i n  childhood t h e  condi t ions a r e  more favorable f o r  ex t r ac t ion  of o v g e n  
from the  a l v e o l i  by t h e  blood, and fromblood by t h e  t i s s u e s ,  and the  OR i s  l e s s  
s t ressed.  

The cascade of pGa in youth i s  dis t inguished by a higher alveolo--arterial  
and a lower ar ter iovenous gradien t ,  t h e  ar ter iovenous gradien t  i n  youth being / E G  
located on a lower segment of t h e  oxyhemoglobir, d i s soc ia t ion  curve than i n  
children; therefore ,  t he  pG2 of the  blood of t h e  t i s s u e  c a p i l l a r i e s  i s  lower, 
while the  e n t i r e  oxygen regime during the  period of puberty i s  more s t ressed  
than i n  childhood. 

The s t r e s s  of t h e  OR increases  under condi t ions where t h e  mismatch between 
t h e  assigned and current  values  of t h e  p a r t i a l  pressure of oxygen i n  t he  var ious 
u n i t s  o f  t h e  OR i s  increas ing ,  as, f o r  example, may take  place w i t h  dec l in ing  
p02 i n  the  insp i red  air. 

It must be emphasized t h a t  t h e  proposed c h a r a c t e r i s t i c s  of t h e  OR a r e  not 
e n t i r e l y  i d e n t i c a l  with t h e  c h a r a c t e r i s t i c s  general ly  adopted f o r  t h e  oxygen 
metabolism. 

The approach t o  the  oxygen metabolism as a un i t a ry  process,  which can be 
evaluated as a d e f i n i t e  regime character ized by i t s  s p e c i f i c  f ea tu re s ,  makes it 
possible  t o  introduce objec t ive  q c a n t i t a t i v e  eva lua t ions  of t h e  OR a s  a whole 
and of i t s  components, so as t o  determine t h e  oxygen value of t h e  reorganiza
t i o n s  of t h e  func t iona l  systems (ex terna l  r e sp i r a t ion ,  hemodhmamics, erythron) ,  
and w i l l  f a c i l i t a t e  t h e  in t roduct ion  of mathematical ana lys i s  and of mathematical 
and technica l  simulation. 

The proposed approach a l s o  revea ls  t h e  a spec t s  of cont ro l  which have not  
y e t  found proper recognition. It i s  d i f f i c u l t  t o  be l ieve  t h a t  so complex a 
physiological process as t h e  supply and exchange of  oxygen, with i t s  exceptional
l y  important s ign i f icance  f o r  l i f e ,  could be  accomplished i n  v i t a l  s i t u a t i o n s  /U1 
of widely d i f f e r i n g  p a t t e r n s  merely by nervous cont ro l  over t h e  var ious func
t iona1sys tems;a t  least  the re  should be an automatic cont ro l  by the  o q g e n  para
meters i n  a s ing le  un i t a ry  system of  oxygen regime cont ro l ,  providing g rea t e r  
b io logica l  r e l i a b i l i t y  as w e l l  as g rea t e r  economy of funct ions.  
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The l i t e r a t u r e  devoted t o  t h e  problem of hypoxia i s  extensive and d e a l s  
w i t h  i t s  most var ied aspects ,  c l i n i c a l ,  morphological, biochemical, physiologi
ca l ,  psychological,  e tc .  The monographs by 2.I.Barbashova and A.2.Kolchinskaya 
have recent ly  made a valuable cont r ibu t ion  t o  t h e  study of t h i s  problem, which 
i s  t r u e  a l s o  of t h e  l a r g e  and b r i l l i a n t  group of au thors  p a r t i c i p a t i n g  i n  the  
Symposium "Oxygen Insuff ic iency" (1963), A.F.Makarenko, N.N.Sirotinina, Ye.V. 
Kolpakova, Iu'.V.Lauer, M.I.Gurevich and A.Z.Kolchinskaya, ed i tors .  

The most extensive f i e l d  of research covered t h e  problems of hypoxia a t  
var ious a l t i t u d e s  and i n  high mountains. The problems of adaptat ion t o  hypoxia 
have been extensively studied i n  t h e  a l t i t u d e  chamber, which has  subs t an t i a l ly  
broadened our idea. o f  t he  processes o f  adaptat ion t o  hypoxia. To a c e r t a i n  
ex ten t ,  t h e  da t a  o f  these  s tud ie s  have assisted i n  understanding t h e  f ea tu res  
of a c t i v i t y  o f  t h e  body i n  high-al t i tude f l i g h t s  and mountain climbing. 

I n  recent  years ,  t h e  problems of  hypoxia i n  t h e  physiology and medicine of 
a t h l e t i c s  have been more wideljr studied. T h i s  i s  p a r t i c u l a r l y  shown by t h e  
recent  conference a t  Alma-Ata, from March 8 t o  13, 1965, on t h e  acc l imat iza t ion  
of  a t h l e t e s  i n  a mountain l o c a l i t y  and t h e  symposium on hypoxia i n  muscular /183 
a c t i v i t y .  Most o f  t h e  s tud ie s  w e r e  concerned with t h e  ind iv idua l  to le rance  of 
hypoxia by healthy t r a ined  persons under mountain conditions,  o r  with spec ia l  
function t e s t s  (holding of brea th ,  b rea th ing  tests i n  a closed space up t o  t h e  
l i m i t  of  ind iv idua l  tolerance,  e t c . ) .  The systematic s tud ie s  by Professor  A.B. 
Gandelfsman and coworkers, extending over many years ,  show t h a t  a t h l e t e s  not  
only develop high r e s i s t ance  t o  hypoxia bu t  a l s o  improve t h e i r  in te rocept ive  
s e n s i t i v i t y  t o  acu te  hypoxemia and hypercapnia. The a t h l e t e s  become a b l e  t o  
analyze i n  d e t a i l  t he  changes tak ing  place i n  t h e  inne r  medium of t h e  organism 
(drop i n  oyTgenation l e v e l  o f  t h e  blood)  after only a s ing le  "sensing" of  t h e  
acute  hyperoxemic and hypercapnic s h i f t s  i n  r e s p i r a t i o n  i n  an enclosed space. 

Rela t ive ly  f e w  s t u d i e s  have been devoted t o  the  f e a t u r e s  of r e sp i r a to ry  
a c t i v i t y  during muscular hypoxia and i t s  inf luence  on t h e  adaptat ion processes  
of t he  organism and of  i t s  indiv idua l  systems and organs. 

Ef fec t ive  methods of increas ing  t h e  r e s i s t ance  of t h e  body t o  t h e  combined 
e f f e c t  of  muscular s t r e s s  and reduced atmospheric pressure have been invest i 
gated under labora tory  condi t ions by Professor  N.V .Zimkin and coworkers. Pro
f e s s o r  V.S.Farfelf and a s soc ia t e s  a r e  extending t h e i r  study of t he  resources  of 
t h e  r e sp i r a to ry  system under hypoxia. Or ig ina l  research i s  being performed by 
t h e  Department of Physiology of t h e  Kazakh I n s t i t u t e  f o r  Physical  Culture /lts4
(Proyessor k.D.Bernshteyn, Head), w i t h  t h e  ob jec t  of de t ec t ing  t h e  l o c a l  oxygen 
d e f i c i t ,  w h i l e  t h e  s t u d i e s  of  t h e  GTsOLIFK Biochemical Laboratory ( I n s t r u c t o r ,  
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E.I .Volkov) concerned t h e  hypoxia and anaerobic product iv i ty  of  athletes. We 
should also mention t h e  s tud ie s  by t h e  Department of Functional Anatow, Kiev 
I n s t i t u t e  f o r  Physical  Culture (P.V.Gudzt and o t h e r s )  on t h e  morphological 
a l t e r a t i o n s  in hypoxemia under severe muscular exerc ise  (intramuscular a r t e r i o 
venous anastomoses, vascular  receptors ,  red blood system, c e r t a i n  hematopoietic 
organs, myocardium, r e s p i r a t o r y  muscles). 

Considerably less work has been done on t h e  role o f  hypoxia as a f a c t o r  
encouraging t h e  development of t h e  func t iona l  c a p a b i l i t i e s  of t h e  organism.
This was t h e  top ic  used as basis f o r  research,  under our  supervision, by a group 
comprising F.A.Ioxh"kaya, V.A.Matov, 0.R.Nemirovich-Danchenko, I.D.Surkina, 
A.P.Shioshvili, P.M.Babarin and D,A.Chibich'yan, i n  v i e w  of  t h e  prime importance 
of this problem f o r  a t h l e t i c s .  With this ob jec t ,  we devised a labora tory  model 
f o r  studying t h e  developmental range of  t he  func t iona l  c a p a b i l i t i e s  of t h e  or
ganism; i n  t h i s  device we used a stepwise increase  i n  phys ica l  stress under 
a r t i f i c i a l l y  exhausting condi t ions under inha la t ion  of a low-oxygen mixture, 
i.e.,  under t h e  conbined ac t ion  of two f ac to r s ,  namely, motor a c t i v i t y  and re
duced p a r t i a l  oxygen pressure.  We found t h a t  t h e  most p e r f e c t  form o f  adapta
t i o n  of t h e  body t o  muscular a c t i v i t y  under hypoxic condition i s  encountered i n  
highly t r a ined  condition of t h e  body, i .e. ,  when t h e  func t iona l  c a p a b i l i t i e s  of  
a t h l e t e s  a r e  improved by systematic t ra in ing .  On t h e  o the r  hand, even a 
moderate dec l ine  i n  t h e  func t iona l  s t a t e  of t h e  organism, f o r  example, due t o

/185 
excessive f a t igue ,  o r  inadequate t r a in ing ,  produces s igns  of incoordinat ion of 
t h e  funct ions.of  t h e  somatic and vegetat ive systems i n  work under oxygen insuf
f ic iency.  However, func t iona l  incoordinat ion as such i s  not  always due t o  poor 
general  t r a in ing ;  t h e  d i f f e rence  in indiv idua l  r e s i s t ance  t o  t h e  hypoxic f a c t o r  
evident ly  a l so  p lays  a role .  We have advanced t h e  hypothesis t h a t  t h e  d i f f e r 
ence i n  t h e  to le rance  t o  excessive physical  exer t ion  in a t h l e t e s  i s  l a r g e l y  due 
t o  t h e  d i f f e rence  in indiv idua l  r e s i s t ance  t o  hypoxia. We noted t h a t  t h e  great
est increase  i n  t h e  func t iona l  c a p a b i l i t i e s  of t h e  organism i s  obtained by ac t ive  
adaptat ion t o  hypoxic condi t ions,  when muscular e f f o r t  i s  combined with an art i
f i c i a l  r e l a t i v e  oxygen insu f f i c i ency  ( s t r e s s  hypoxia). Less pronounced s h i f t s  
a r e  obtained by passive adapta t ion  t o  hypoxic hypoxia, which i n  our  s tud ie s  took 
place i n  t r a i n i n g  i n  t h e  a l t i t u d e  chanber. It has been convincingly shown i n  
spec ia l  s tud ie s  t h a t  a broadening of t h e  func t iona l  c a p a b i l i t i e s  of t h e  body of 
t h e  medium-distance runner t akes  place under t r a i n i n g  condi t ions with a spec ia l  
regime of  r e s p i r a t i o n  (repeated runs, with b rea th  re ten t ion) .  On t h e  whole, 
muscular work under hypoxic condi t ions may serve as a s a t i s f a c t o r y  model f o r  
experimental s tud ie s  on t h e  func t iona l  c a p a b i l i t i e s  of t h e  organism. This may 
be used i n  medical examinations t o  deteITnine t h e  ind iv idua l  s t a t u s  of  a t h l e t i c  
f i t n e s s :  r e a c t i v i t y ,  stamina and r e s i s t ance  ( t o l e r a t i o n )  of changes in t h e  /186
i n t e rna l  medium of t h e  organism. These th ree  physiological  parameters, de te r 
mining t h e  physical  f i t n e s s  of human subjec ts  (S.P.Letunov and R.Ye.Motylyanskaya) 
should be understood as: 1)t h e  capab i l i t y  t o  i n t e n s i f i j  t h e  func t ions  i n  cor
respondence w5th t h e  demands made on t h e  organism by a s p e c i f i c  motor a c t i v i t y ;  
2 )  t h e  a b i l i t y  of t h e  organism t o  maintain stable homeostasis during more o r  
less prolonged per iods of i n t ense  muscular work; 3 )  t h e  to le rance  o r  res i s tance  
of t h e  organism t o  changes i n  t h e  e n t i r e  medium under in t ense  muscular a c t i v i t y .  

In  connection with t h e  impending X I X  Olympic Games, t h e  demands f o r  a com
prehensive study of t h e  problem of hypoxia and muscular a c t i v i t y  are increasing. 
Inves t iga t ions  should be made not  only in model experiments, bu t  a l s o  i n  p rac t i 

. 



I 


c a l  t e s t s  during t h e  usual a c t i v i t i e s  of a t h l e t i c s ,  e spec ia l ly  i n  mountains of 
moderate height. Answers are needed t o  t h e  quest ions of t h e  t r a i n i n g  f ea tu res  
i n  var ious branches of a t h l e t i c s  under these  condi t ions and of t h e  dynamics of 
t r a i n i n g  stress; another  p a r t i c u l a r l y  important po in t  i s  t o  r e f i n e  t h e  per iods  
of adaptat ion and acc l imat iza t ion  in various sports.  Spec ia l  a t t e n t i o n  must be 
paid t o  methods of enhancing t h e  r e s i s t ance  of t h e  organism t o  hypoxia under 
condi t ions of strenuous muscular exer t ion,  using altitude-chaniber t r a i n i n g  to
gether  with a r t i f i c i a l  lowering of t h e  p a r t i a l  opjgen pressure,  and determina
t i o n  of t h e  usefulness  of c e r t a i n  agents  f o r  acce le ra t ing  t h e  accl imat izat ion.  
The technique cf medical examination f o r  e f f ec t ive  cont ro l  of  acclimatiza- /187
t i o n  must be ref ined,  and s tud ie s  on t h e  comparative e f fec t iveness  of passive 
and ac t ive  adapta t ion  t o  hypoxia should be continued, including research on the  
tolerance of hypoxia i n  c e r t a i n  pathological  condi t ions (tendency t o  hyperten
sion, c e r t a i n  d i so rde r s  of neuroregulatory apparatus of t h e  hear t ,  e tc .  ). 

The so lu t ion  of these  quest ions demands widespread use of e x i s t i n g  research 
l abora to r i e s  and t h e  establishment of new ones a t  t r a i n i n g  camps i n  medium-high 
nountai ns. 

Studies  on var ious qGestions connected w i t h  muscular work under mountain 
conditions trill undoubtedly fu rn i sh  a valuable contr ibut ion t o  the  study of t h e  
problem of  acc l imat iza t ion  t o  hypoxia as a whole. 
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RESPIRATION AND THE OXYGE3l RM;IME UNDER CONDITIONS /1%8 
OF HYPOXIA 

V.B .Malkin and N .M .Asyamolova 
No scow 

During adapta t ion  t o  a reduced p a r t i a l  oxygen pressure,  an i n t e n s i f i c a t i o n  
of t he  ex te rna l  r e s p i r a t i o n  i s  of subs t an t i a l  s ignif icance.  Some authors  have 
s t a t ed  t h a t  an i n t e n s i f i c a t i o n  of  r e s p i r a t i o n  i n  hypoxia i s  only a mechanism of 
"emergency" adapta t ion  of  t h e  organism t o  t h e  changed gaseous medium, and have 
even asser ted  t h a t ,  on a prolonged s t ay  under reduced atmospheric pressure,  t h e  
r o l e  of t h i s  mechanism i s  gradual ly  l o s t .  

T h i s  v i e w  does not  seem j u s t i f i e d ,  s ince  it has been found t h a t  persons 
permanently l i v i n g  in high mountains a t  a l t i t u d e s  of 3500 - 4500 m as well  as 
a l p i n i s t s  s tay ing  f o r  pro t rac ted  per iods i n  high mountains under hypoxic condi
t ions ,  exh ib i t  a marked enhancement in ex te rna l  resp i ra t ion .  Thus, t h e  increase 
i n  pulmonary v e n t i l a t i o n  and t h e  increase in e f f e c t i v e  a lveo la r  r e s p i r a t i o n  
cons t i t u t e  important elements of  adapta t ion  t o  both acute  and chronic hypoxia. 
It i s  s i g n i f i c a n t  t h a t  persons adapted t o  hypoxia ( a l p i n i s t s )  have a l s o  shown 
an increase i n  pulmonary v e n t i l a t i o n  i n  t h e  a l t i t u d e  chamber and a g r e a t e r  re
s i s tance  t o  high a l t i t u d e s  than t h e  control  group. 

The considerable ind iv idua l  d i f f e rences  in t h e  degree of hypervent i la t ion 
under hypoxemic condi t ions should be  given se r ious  a t t en t ion .  This  f a c t  i s  /189 
evident ly  due t o  t h e  varying s e n s i t i v i t y  of t h e  r e s p i r a t o r y  center  t o  oxygen 
insuf f ic iency  and t o  carbon dioxide or ,  more p rec i se ly ,  t o  t h e i r  combined ac
t ion.  

To d e t e c t  ind iv idua l  f ea tu re s  of adapta t ion  t o  hypoxia, we developed a 
spec ia l  funct ion test. The tes t  subjec t  was in s t ruc t ed  t o  hypervent i la te  i n  
t h e  a l t i t u d e  chamber a t  5000 m f o r  10 min, under oxyhemometer control ,  t o  m a i n 
t a i n  t h e  oxygen sa tu ra t ion  of t h e  a r t e r i a l  blood a t  t h e  9@ l eve l .  'de en
countered ind iv idua l  subjec ts  who pe r iod ica l ly  held t h e i r  b rea th  and could not 
ad jus t  t o  t h i s  task.  When these  subjec ts  inhaled a low-oxygen gas  mixture 
( 9  - 10% O,), t he  addi t ion  of  3% COz t o  t h e  mixture l ed  t o  a sharp increase  in 
pulmonary v e n t i l a t i o n  (considerably g r e a t e r  than i n  t h e  o the r  sub jec t s )  and t o  
a marked improvement of t h e i r  general  condition. 

This shows t h a t  t he re  wzst indiv idua ls  with a high s e n s i t i v i t y  t o  hypo
capnia, Some subjec ts  noted considerable improvement i n  t h e i r  condi t ion under 
hyperventilation, and a f t e r  such hypervent i la t ion t h e  owgen sa tu ra t ion  of  t h e i r  
a r t e r i a l  blood remained a t  a higher l e v e l  than before  t h e  hypervent i la t ion.  

These da ta ,  l i k e  the  observat ions on sub jec t s  during adaptat ion t o  reduced 
barometric pressure i n  t h e  a l t i t u d e  chamber, permit t h e  conclusion t h a t  t he  in
crease i n  pulmonary v e n t i l a t i o n  i s  a main f a c t o r  i n  t h e  adaptat ion of t h e  body 
t o  oxygen insuff ic iency.  Training, by teaching t h e  subjec t  r a t i o n a l  breathing 
under such conditions,  i s  f u l l y  j u s t i f i e d  s ince  t h e  "training'* o f  t h e  respira
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t o r y  center ,  i.e., automatic s e l ec t ion  of optimum condi t ions f o r  respira- /190 
t i on ,  t akes  a long time. 

During t h e  adaptat ion of  t h e  human organism t o  reduced atmospheric pressure,  
there  i s  simultaneous adaptat ion t o  hypoxemia and hypocapnia. The individual  re
s i s t ance  of  var ious healthy subJects  t o  these  two f a c t o r s  i s  not t h e  same, mak
ing  it advisable  t o  a l low f o r  t h e  ind iv idua l  differences,  i n  working out  t h e  
conditions of "acclimatization" t o  high-mountain conditions,  Only i f  t h i s  i s  
done can the  optimum oxygen regime be establ ished.  

117 




' 

DATA ON THE RM;ULATION OF ZONAL CIRCULATION 
AND OXYGEN TENSION 

M .Ye .Marsh& 

( I n s t i t u t e  of Normal and Pathological  Physiology, 


USSR Acadeqy o f  Medical Sciences,  Moscow) 


The study of t h e  problem of l o c a l  (o r  organ) c i r c u l a t i o n  br ings  up t h e  
quest ion of  t he  blood supply of  var ious regions of  t h e  same organ, i .e.  , of 
"zonal'' c i r cu la t ion  and i t s  regulat ion,  

Synchronous r e g i s t r a t i o n  of t h e  blood supply and oxygen tension i n  var ious 
p a r t s  of  t h e  myocardium have disclosed zonal v a r i a t i o n s  i n  these  funct ions,  
a f t e r  l i g a t u r e  of a branch of t h e  coronary a r t e r y  (Sanotskaya). 

Our own labora tory  s tud ie s  of  t he  blood supply t o  t h e  kidneys have shown 
t h a t ,  under c e r t a i n  inf luences,  changes occur i n  d i f f e r e n t  d i r e c t i o n s  i n  t h e  
c o r t i c a l  and medullary l a y e r s  of t h e  kidney (Lugova). 

The b ra in  has proved a good model f o r  studying t h e  regula t ion  of zonal 
c i r cu la t ion  and oxygen tension. 

Simultaneous recording of t h e  blood supply and oxygen tens ion  in various 
p a r t s  of t h e  cerebra l  cor tex  has shown t h a t  adequate s t i m u l i  of var ious d i s 
tance receptors  w i l l  s e l e c t i v e l y  came changes i n  t h e  blood flow and ox;rgen 
tension on ly  i n  c e r t a i n  regions o f  t he  bra in .  Thus, o l f ac to ry  stimuli induce 
corresponding changes i n  t h e  blood flow and oxygen tens ion  i n  t h e  o l f ac to ry  
region of t he  cerebra l  cortex,  while i n  o t h e r  zones of t h e  cor tex  these  . / I92
functions genera l ly  do not change. Visual s t imu l i  a f f e c t  t h e  blood supply and 
oxygen pressure i n  t h e  o c c i p i t a l  zone (Lugova and Vel'de). 

The l i t e r a t u r e  da ta ,  toge ther  w i t h  our o:m, l ead  t o  t h e  conclusion t h a t  t he  
observed chmges i n  blood supply and oxygen tens ion  in var ious  zones of t h e  
cerebral  cor tex under adequate s t imu l i  of  d i s tance  receptors  a r e  l a r g e l y  due t o  
a l o c a l  step-up i n  metabolism and formation of metabol i tes  ( C O z )  which, i n  a 
given zone, lower t h e  vascular  tonus and increase  t h e  zonal c i r cu la t ion  and 
oxygen supply. 



SYSTEN OF AUTOMATIC REGULATION OF THE OXYGEN REGIME /193
OF THE ORGANISN 

A. N.fkdelyanovskiy and I.K.Tabarovskiy 

(Central I n s t i t u t e  of Hematology and Blood Transfusion, 


Order of Lenin, Moscow) 


The oxygen regime i s  one of  t h e  most important f a c t o r s  i n  maintaining the  
vi ta l  a c t i v i t y  of t h e  organs and tissues of t h e  body, and any dis turbance in 
this regime w i l l  produce rap id  and acute  development of  func t iona l  disorders .  

The a r t i f i c i a l  r e s p i r a t i o n  apparatus,  used i n  c l i n i c a l  p r a c t i c e  and experi
mental work, does not provide f o r  a s u f f i c i e n t l y  f l e x i b l e  adapta t ion  of t h e  
v e n t i l a t i o n  regime t o  t h e  needs of t h e  body. Furthermore, t h e  o q g e n  balance 
i s  in t imate ly  connected with t h e  a c t i v i t y  of a number of o t h e r  f tvi ta l ' f  systems 
of  t h e  organism, including t h e  cardiovascular  system which rules t h e  maintenance 
of optimum conditions f o r  oxygen exchange i n  the  tissues: card iac  output,  neces
sary  pressure gradient ,  e tc .  

The complexity of t h e  mechanisms f o r  maintaining t h e  oxygen regime of t h e  
organism i s  demonstrated by t h e  following f ac t s :  

a )  	The system of  na tu ra l  regula t ion  i n  t h e  organism i s  designed f o r  a 
wide range of  opera t ing  condi t ions of t h e  v i t a l  a c t i v i t y  of t h e  or
ganism, i n  connection with complex combinations of  environmental 
conditions . 

b )  	The high requirements as t o  r e l i a b i l i t y  of  maintenance of t h e  constant 
ind ices  of  t h e  i n t e r n a l  medium (CIIM) have l e d  t o  considerable func
t i o n a l  reserves.  

c )  	The excessive complexity o f  a number of  mechanisms i s  an expression 
o f  t h e i r  successive,  r a t h e r  than simultaneous, phylogenetic forma- /19h 
t ion .  

Accordingly, t h e  p r a c t i c a l  problem i s  pr imar i ly  concerned with t h e  repro
duct ion of t he  regulatory system f o r  a r e s t r i c t e d  number of condi t ions i n  surgi
c a l  operat ions under anes the t i c  exclusion of most in f luences  and motor react ions.  

The present  s t a t e  of  t h e  a r t  i n  cybernet ics  permits a so lu t ion  of  t h i s  
problem. The cont ro l  system f o r  t h e  ind ices  of t h e  i n t e r n a l  medium, determining 
t h e  oxygen regime, on t h e  b a s i s  of a feedback complex, permits  s imulat ing i t s  
na tu ra l  regulatory mechanisms f o r  p r a c t i c a l  purposes. 

The b a s i c  p r i n c i p l e  of  t h e  proposed system f o r  automatic maintenance o f  t h e  
constancy of ind ices  of  t h e  i n t e r n a l  medium determining t h e  oxygen regime a t  t h e  
assigned l e v e l  (ASCIIM) makes use of  t h e  concept of homeostasis as t h e  b a s i c  
physiological  parameter with respec t  t o  which t h e  r e sp i r a to ry ,  cardiovascular,  
and o the r  systems of t he  body p lay  a subordinate,  a n c i l l a r y  ro le .  The ob jec t  
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of  the  system i s  t o  maintain the  i n d i c e s  of t h e  i n t e r n a l  medium (IIN) by compen
sa t ion  o r  by replacing t h e  organism's own servomechanisms by e f f ec to r  mecha
nisms, controlled by s igna l s  of t he  state of  those parameters of t h e  i n t e r n a l  
medium t h a t  are served by these  e f fec tors .  

A number of general  control  p r inc ip l e s ,  c h a r a c t e r i s t i c  of  the  organism it
s e l f ,  were used i n  es tab l i sh ing  t h e  ASCIIM. These include: 

1. The s t a t i c  p r i n c i p l e  of  t h e  r e f l e x  a rc ,  permit t ing a d i f f e r e n t i a t i o n ,  
i n  each of t he  in t e r r e l a t ed  cont ro l  loops, of t he  receptor,  the  
cen t r a l  port ion,  and the  e f f e c t o r  par t .  

2. 	 The p r i n c i p l e  of j o i n t  regulat ion,  expressed by the  provision of  a 
s ingle  index f o r  t he  a c t i v i t y  of a number of e f f ec to r s ,  and by the  
control  of  the  funct ion of  each e f f e c t o r  over s igna l s  from a number 
of t ransmi t te rs ,  represent ing the  p r i n c i p l e  of  funct ional  l inkage of 
each receptor  with each ef fec tor .  

3. 	The p r i n c i p l e  of r e l a t i v e  autonomy, of  t he  closed nature  of t he  func
t i o n a l  system of control  loops enter ing i n t o  t h e  CIIM system. 

The ASCII31 i n  t h e  model o f  t he  n a t u r a l  C I I M  system performs t h e  r o l e  of 
a functional pro thes is ,  and forms, toge ther  w i t h  t he  mechanisms of the  CII I . :  
i t s e l f ,  a s ing le  mutually complementary funct ional  system of maintaining the  
physiological parameters (pr imari ly  the  oxygen regime ) a t  the  optimum leve l .  
T h i s  l a t t e r  i s  the  objec t  of  t h e  dupl ica te  r e a r l a t i o n  by the  na tu ra l  and ar t i 
f i c i a l  CIDI systems. The dynamic v a r i a t i o n  i n  the  r e l a t i o n  between the  r o l e  of  
na tura l  and a r t i f i c i a l  elements i n  the  system i s  determined by the  degree of 
disturbance of t h e  organism's own regulatory system. 

The system uses  four types of feedback (FB): 

1, 	The 733 of control  of t he  parameters of  t h e  i n t e m a l  medium, ensuring 
a smooth control  of the  funct ion of t he  e f f ec to r s ,  r e l a t i v e  t o  the  
assigned l e v e l  of each parameter. 

2. 	 The FB of stepwise switching of t he  funct ional  regimes, i . e . ,  of t he  
passage of  t he  system t o  a new funct ion l e v e l  i n  connection w i t h  t he  
dropout of f a c t o r s  such as the  n a t u r a l  rhythm of t h e  hea r t  o r  the  
r e s p i r a t o r y  center,  o r  of t he  passage of  t he  parameters beyond the  
limits of permissible values. 

3. 	The FB of control  of t he  assigned l e v e l  of t h e  parameters o f  t he  in
t e r n a l  medium, keeping it adequate f o r  the  given s t a t e  of t h e  organ
i s m .  

h. 	 The compensatomj FB (of opposite d i r e c t i o n  t o  the  ordinary FB), /196
designed t o  smooth out  t h e  r e f l e x  o s c i l l a t i o n s  of t he  function of t he  
e f f ec to r s  and the  l e v e l  of t h e  parameters maintained by them, i n  con
nect ion with t h e  phase s h i f t  of t h e  r e su l t an t  changes of parameters 
r e l a t i v e  t o  the  time of  a r r i v a l  of t he  corresponding s igna l  from the  
t r a n s m i t t e r. 
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The receptor  c i r c u i t s  of  t h e  ASCIIM are constructed on t h e  b a s i s  of t h e  
t y p i c a l  wiring diagram: t r ansmi t t e r  - comparator f o r  assigned l e v e l  of para
meter - comparator f o r  c r i t i c a l  l e v e l  of parameter ( leading t o  stepwise switch
ing  of the  operat ing regime of t h e  system). 

The cen t r a l  u n i t ,  i .e. ,  t h e  cont ro l  system, comprises a u n i t  f o r  switching 
regimes; several  u n i t s  f o r  evaluat ing t h e  physiological  weight of t h e  connection 
between each receptor  and e f f ec to r ;  units f o r  s i~ ;na l ingt h e  s t a t e  of t h e  para
meters and t h e  operat ing regime of  t he  system; and units f o r  ad jus t ing  t h e  as
signed l e v e l s  of t h e  parameters and t h e  compensatory feedbacks. I f  necessary, 
t he  cont ro l  u n i t  mag a l s o  include programing and e l ec t ron ic  computing elements. 

The e f f e c t o r s  of  t h e  system a r e  l ikewise constructed on t h e  universa l  
wiring diagram: a phase r egu la to r  and a compressor providing for smooth auto
mztic regulat ion of t h e  dura t ion  of  t h e  phases of  forward and backward motion 
of t he  gas i n  t h i s  pneumatic cont ro l  system and of i t s  veloci ty .  

The "executorft devices  of  t h e  A S C I I M  a r e  a diaphragm pump i n  t h e  e f f e c t o r  
of t h e  simulated c i r cu la t ion ,  which meters t he  in t roduct ion  of blood prepara
t i o n s  and drugs, and the  r e sp i r a to ry  mask i n  the  e f f e c t o r  of a r t i f i c i a l  respira
t i on .  By t he  a id  of  t hese  devices,  t h e  e f f e c t o r s  ensure a s m o t h  regula t ion  
of  t he  configuration, volume, dura t ion  of expi ra t ion  (d i a s to l e ,  f i l l i n g  of t he  
metering devices ) and i n s p i r a t i o n  ( sys to l e ;  infusion) .  

The most important parameters of  t h e  i n t e r n a l  medium p a r t i c i p a t i n g  i n  t h e  
C I I N  system pri inar i ly  are t h e  following: 

1. oxygen tension in t h e  a r t e r i a l  and venous blood and t i s s u e s ;  COz 
tension i n  t h e  blood and e,xpired a i r ;  

2. volumetric flow of  t h e  blood; 
3. 	 mean and pulse  a r t e r i a l  pressure;  
L L .  body temperature e tc .  

Depending on t h e  s p e c i f i c  o b j e c t s  of t h e  use  of t h e  A S C I I M ,  t h e  c i r c u i t  of 
t he  receptors  and e f f e c t o r s  can be e i t h e r  contracted or considerably expanded by 
including receptors  of the  content  of var ious metabolic ingredien ts  i n  t h e  
l i q u i d s  and gases of t h e  organism and, as e f f ec to r s ,  dosing u n i t s  of t h e  corre
sponding preparat ions,  an a r t i f i c i a l  kidney, e tc .  

The bas i c  s impl i c i ty  of t h e  ASCIIM described here i s  another  confirmation 
of t h e  d i a l e c t i c  concept of t h e  p o s s i b i l i t y  of s implifying a problem a s  a re
sult of i t s  increas ing  complexity during de ta i l ed  study and analysis .  

Another t rend  i n  t h e  automation o f  maintenance o f  t h e  ind ices  of t h e  in
t e r n a l  medium, so far only e x i s t i n g  on a purely t h e o r e t i c a l  basis, assumes t h e  
automatic production and s igna l ing  of symptoms and syndromes requi r ing  medical 
in te rvent ion ,  automatic eva lua t ion  of  t h e i r  s ign i f icance  and se l ec t ion  of t h e  
means of in te rvent ion ,  followed by - when this becomes poss ib le  - automatic in
te rvent ion  i n  t h e  state of t h e  i n t e r n a l  medium with t h e  ob jec t  of  cor rec t ing  it. 

It should be noted t h a t  t h e  e f fec t iveness  of such an automated in te rvent ion  
appears extremely doubtful.  
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I n  t h e  first place,  information on t h e  pathological  d i so rde r s  of t h e  /198 
cardiovascular and r e sp i r a to ry  systems i s  not  a sound c r i t e r i o n  f o r  evaluat ing 
and se l ec t ing  t h e  in te rvent ion  i n  b a s i c  dis turbances of  t h e  v i t a l  processes,  
s ince these  systems are servosystems with respec t  t o  t h e  constancy of t h e  in
t e r n a l  medium and s ince  t h e  t a s k  of t h e  physician under c r i t i c a l  condi t ions con
sists pr imar i ly  i n  maintaining this p r inc ipa l  parameter, i n  prevent ing t h e  de
velopment of a v i c ious  c i r c l e  between ischemia of t h e  CNS and dis turbance of t h e  
regulat ion,  leading,  i n  t h e  course of a few minutes, t o  m a x i "  f a i l u r e  of regu
l a t i o n  and death. However, d i s turbances  of t h e  vege ta t ive  system as a whole re
f l e c t  not so much t h e  incapac i ty  of t h e  na tu ra l  e f f e c t o r  bu t  r a t h e r  dis turbances 
i n  t h e  regula t ion  of i t s  a c t i v i t y ;  a cor rec t ion  of  t hese  dis turbances,  therefore ,  
i s  t h e  most e f f e c t i v e  means of e l iminat ing such acute  func t iona l  disorders .  

I n  t h e  second p lace ,  t h e  tendency - which i s  e s s e n t i a l l y  of the  noncyber
n e t i c  type - t o  master ( f o r  cont ro l  purposes) t h e  e n t i r e  range of pathophysio
l o g i c a l  pa t t e rns  in t h e  organism corresponds t o  t h e  mechanical and m a t e r i a l i s t i c  
conceptions of Laplacian determinism, reducing t h e  connection between l i n e a r  
causa l i t y  and i n t e r a c t i o n  t o  a complete mastery of  l i n e a r  causa l i ty .  Yith such 
an approach, a number of  da t a  are required which are not  as ye t ,  and will not 
soon be, ava i l ab le  t o  science; t h i s  i s  mainly becau.se, although objec t ive  phe
nomena can be  def ined i n  p r inc ip l e ,  each of them involves  an i n f i n i t e  f i e l d  of 
invest igat ion.  Accordingly, any attempt t o  automate the  cont ro l  of a complex 
group of physiological  pa t t e rns ,  on t h e  basis of a method requi r ing  complete 
mastery of them bu t  without s u f f i c i e n t  study of t hese  laws, i s  doomed t o  f a i l u r e ,  
even i n  pr inc ip le .  

On t h e  contrary,  an ASCIWi, cons is t ing  of a consecutive cybernetic system 
whose s t a b i l i t y  i s  determined by t h e  i n t e r a c t i o n  of a feedback complex, /199
makes it poss ib le  t o  exclude, from t h e  sphere of  automatic ana lys i s ,  any evalua
t i o n  of t h e  s t a t e  of t h e  organs and systems and the  methods of t h e i r  correct ion,  
based on r e l a t i v e l y  simple d a t a  r e l a t i v e  t o  t h e  value and d i r e c t i o n  of t h e  devia
t i o n  of  t h e  v i t a l  parameters of t h e  i n t e r n a l  med ium from a l e v e l  which, under 
t h e  given conditions,  i s  optimum. The bas i c  c r i t e r i o n  of cont ro l  i s  here taken 
as maintenance of t h e  constant condi t ions of t he  i n t e r n a l  medium as t h e  p r inc ipa l  
expression and condi t ion of t h e  v i t a l  a c t i v i t y  of t h e  organism. Disturbances 
of secondary s igni f icance  i n  t h e  organs and systems, however, which a r e  not cor
rected by the  general  normalization of t h e  condi t ions of t h e  i n t e r n a l  medium, 
will have t o  be subjected t o  var ious add i t iona l  in te rvent ions .  The p r i n c i p l e  of 
operat ion of t h e  ASCIIM as a whole corresponds t o  t h e  idea  of  cybernet ics  t h a t  
it i s  possible  t o  cont ro l  t h e  funct ions of a "black box" without any de ta i l ed  
understanding of i t s  content. 

Automatic regula t ion  of funct ions i s  supplemented and ensured by t h e  s ignal
ing  systems and by manual cont ro l  of t h e  apparatus. The r e l i a b i l i t y  of t h e  
A S C I I N  i s  add i t iona l ly  guaranteed by a dupl ica t ion  of i t s  p r inc ipa l  un i t s .  
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PATHWAYS OF OXYGEN SUPPLY TO THE 0RGAMISP.I I N  /200
ADAPTATION TO CONDITIONS OF THE HIGH TIENSHAN 

E .PI .Mirrakhimov and A .D .Dzhaylobayev 
(Department of  Faculty Therapy, Chief :  I n s t r u c t o r  

14.1I .Mirrakhimov, Kirgizian Medical I n s t i t u t e  , 
h z e )  

A s t ay  In  high mountains i s  accompanied by s h i f t s  i n  t h e  physiological  
funct ions which, during t h e  i n i t i a l  per iod,  are pr imar i ly  concerned wi th  mainte
nance of t he  i n i t i a l  oxygen regime of t h e  organism ( L e . ,  those e x i s t i n g  before  
s t ay  i n  t h e  mountains). The charac te r  and degree of t h e  s h i f t s  depends on the  
complex inf luence of  mountain conditions.  On t r a n s f e r  t o  a l o c a l i t y  not  higher 
than 2.5 - 3.0 km above sea l e v e l ,  t h e  adapt ive r eac t ions  depend not  only on the  
degree of hypoxia, bu t  a l s o  on t h e  temperature condi t ions,  on t h e  i n t e n s i t y  of 
u l t r a v i o l e t  r ad ia t ion ,  e tc .  Therefore, t he  f a c t o r  of hypoxia cannot be con
sidered a s  playing t h e  bas i c  r o l e  i n  t h e  mechanism of t h e  observed s h i f t s  of  the  
physiological  funct ions a t  such a l t i t u d e s .  A t  s t i l l  higher a l t i t u d e s ,  however, 
hypoxia does become dec is ive ,  

During t h e  i n i t i a l  period of  a s t ay  i n  t h e  mountains, r tauxi l ia ryf tmeasures 
t h a t ,  t o  some degree, ensure t h e  "proper" oxygen supply of t h e  organism a r e  
mobilized. T h i s  i s  expressed i n  an increased pulmonary v e n t i l a t i o n  and i n  an 
i n t e n s i f i c a t i o n  of t h e  funct ion o f  t h e  c i r cu la to ry  system which, i n  tu rn ,  l eads  
t o  an increase  i n  cardiac output ,  acce l e ra t ion  o f  t h e  c i r cu la t ion ,  and dec l ine  
i n  venous pressure.  The dura t ion  and ex ten t  of t h e  s h i f t s  depend on t h e  fea
t u r e s  of the  geographical region and on t h e  a l t i t u d e .  A t  a l t i t u d e s  not  g rea t e r  
than 2G00 m y  t h e  s h i f t s  a r e  i n d i s t i n c t  and p e r s i s t  only f o r  t h e  f i r s t  f e w  /201
days. A t  g r e a t e r  a l t i t u d e s ,  t h e  changes i n  t h e  physiological  func t ions  a re  not 
only more pronounced bu t  a l s o  l as t  longer. 

In  a rfproperfloxygen supply of t h e  organism, t h e  increase  i n  t h e  ind ices  of 
t h e  red blood i s  o f  some importance. I n  the  high Tienahan ,  t h e  changes i n  the  
quant i ty  of hemoglobin r a t h e r  than i n  t h e  number of erythrocytes  a r e  of prime 
s ignif icance.  The increased f i l l i n g  of t h e  lungs with blood which, according t o  
our  da ta ,  t akes  place a t  a l t i t u d e s  of about 2 km, apparently c o n s t i t u t e s  an im
por tan t  adaptive s h i f t  t o  high a l t i t u d e s ,  The increased permeabi l i ty  of  t h e  
pulmonary alveolo-capi l lary membrane i s  a l s o  of subs t an t i a l  importance, as proved 
by t h e  change i n  t h e  a rgy roph i l i c  substance. It i s  poss ib le  t h a t ,  with a b e t t e r  
oxygen supply t o  t h e  t i s s u e s ,  t h e  increased permeabi l i ty  of  t h e  c a p i l l a r i e s  a l so  
has a c e r t a i n  s ign i f icance  (L.A.Preobrazhenskaya). 

It seems t h a t  ne i the r  a study of t h e  p a r t i a l  oxygen pressure  i n  t h e  a lveo la r  
a i r  nor a determination of t h e  a lveo la r  v e n t i l a t i o n  of t h e  lungs,  nor a de te r 
mination of t h e  oxygen content i n  t h e  ar ter ia l  and venous blood, nor  a study of 
t h e  funct ion of t h e  c i r cu la to ry  system, etc . ,  can ever solve t h e  problem of the  
ex ten t  t o  which a reorganizat ion of t h e  physiological  func t ions  in high mountains 
ensures s u f f i c i e n t  oxygen supply t o  t h e  t i s sues .  It i s  p r e c i s e l y  in such re
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organizat ions of t h e  physical  func t ions  of  t h e  organism, as they are observed 
i n  high mountains, t h a t  t h e  oxygen demand of  t h e  tissues may a l s o  vary. There
fore,  it seems important t o  answer t h e  quest ion as t o  how far t h e  owgen demands 
of the  organism, i n  a given s p e c i f i c  s i t ua t ion ,  a r e  s a t i s f i e d  by t h e  physio
l o g i c a l  s h i f t s  observed a t  high a l t i t u d e s .  This quest ion may be b e s t  answered, 
as suggested by G.Ye.Derviz, by determining t h e  amount of p a r t i a l  oxidat ion /202 
products accumulated in t h e  organism. It i s  easy t o  imagine t h a t ,  i f  t he re  i s  
a discrepancy between the  oxygen required and t h a t  supplied,  t h e  p a r t i a l  oxida
t i o n  products of t h e  metabolism w i l l  accumulate i n  excessive quan t i t i e s .  Our 
da ta  show t h a t ,  dur ing t h e  f i rs t  days of a s t ay  i n  high mountains, t he re  i s  a 
ce r t a in  s h i f t  of p a r t i a l l y  oxidized metabol i tes  a t  a l t i t u d e s  of  2000 m and 
higher. 

An increasing number of re ferences  has  appeared i n  the  l i t e r a t u r e  i n  favor 
of the  view t h a t  t h e  thyroid gland p a r t i c i p a t e s  i n  t h e  oxygen supply of t h e  or
ganism. Thus, t he  observations by Yu.V.Sergeyev and Grand,jean on human subjects ,  
and of 1.N.Kantorovich on mice, have shown t h a t  a s t a y  i n  high mountains i s  ac
companied by a decrease i n  the  iodine-absorbing funct ion of  t h e  thyroid gland. 
The s tud ie s  of  Stresku e t  al. have shown t h a t  a muscular stress, i n  t h e  form of 
swimming, i n h i b i t s  t h e  output of hormones by t h e  animal thyroid.  A l l  these  d a t a  
permit t he  hypothesis t h a t ,  under the  ac t ion  of r e l a t i v e l y  high degrees of 
huvpoxia, t he  organism apparent ly  mobilizes r eac t ions  of a dua l  nature.  Some of 
these  tend t o  supply t h e  organism w i t h  t h e  "proper" amount of oxygen ( i n t e n s i f i 
cat ion of the  funct ion of t h e  c i r cu la to ry  system, r e sp i r a t ion ,  ce r t a in  enzynatic 
systems, increase i n  t h e  red-blood indices ,  e t c .  ), while o the r s  tend t o  lower 
the  oxygen demand of  t he  t i s sues .  Reactions of t h e  second kind apparently,  a t  
l e a s t  t o  a c e r t a i n  ex ten t ,  measure the  most s t ressed  work of  t he  c i r cu la to ry  
and resp i ra tory  systems, e tc .  I n  t h i s  connection, t h e  quest ion o f  t h e  r o l e  of 
reorganization of t h e  endocrine function in t h e  r eac t ion  t o  adaptat ion t o  high 
mountains should be  spec ia l ly  invest igated.  

The above changes i n  t h e  phjjsiological func t ions  occur during a b r i e f  s t ay  
i n  t h e  mountains, when the  inf luence of hypoxia on t h e  organism i s  dcrrinant. /2G3 

The s i t u a t i o n  i s  completely d i f f e r e n t  i n  t h e  case of a prolonged s t zy  i n  
the  mountains ( f o r  many years) .  Here, bes ides  hypoxia, t h e  l i v i n g  conditions,  
n u t r i t i o n ,  geochemical f ac to r s ,  e tc . ,  a l s o  a f f e c t  t h e  physiological  functions.  
Nevertheless, t h e  s h i f t s  i n  physiological  funct ions a t  r e l a t i v e l y  g rea t  a l t i 
tudes (above 3 - 3.5 km) a r e  pr imar i ly  determined by t h e  inf luence of hypoxia. 
A s  shown by our s tud ies ,  t h e  ??proper" oxygen supply of aborigines  i s  apparently 
accomplished by a reorganizat ion of physiological  r eac t ions  on a d i f f e r e n t  l eve l .  
I n  mountain dwellers,  no i n t e n s i f i c a t i o n  of t h e  func t ion  of t h e  c i r cu la to ry  
system i s  noted: t h e  cardiac output  remains i n  t h e  normal range, t h e  blood strean: 
i s  slowed, and the  venous pressure  increased. The s h i f t s  o f  t he  v e n t i l a t i n g  
funct ion a r e  l ess  pronounced, A t  t he  same time, t h e  amount of hemoglobin i s  
increased. A s  shown i n  observat ions by L.A.Preobrazhenskaya, mountain dwellers  
exh ib i t  an increased cap i l l a ry  permeabili ty.  Consequently, i n  permanent mountain 
res idents ,  a minor rise i n  the  v e n t i l a t i n g  function of t h e  lungs,  an increase  
i n  t h e  amount of hemoglobin, and perhaps an increase  i n  t h e  cap i l l a ry  permeabili
t y ,  may be of some s igni f icance  i n  the  "proper" oxygen supply of t he  organism. 

I n  permanent r e s iden t s  of high-mountain a reas  (up t o  3.5 km a l t i t u d e )  a 



dec l ine  i n  t h e  basal metabolism i s  noted. Most l i k e l y ,  t h i s  i s  connected with 
t h e  depressive reorganizat ion of  t h e  thyroid functzpn. This apparent ly  de
creases  t h e  oxygen demand of t h e  t i s s u e s ,  so t h a t  t h e  func t ions  of t h e  respira
t o r y  and c i r cu la to ry  systems are not so g r e a t l y  in t ens i f i ed .  Perhaps t h e  de
crease i n  t h e  energy consumption i s  accomplished by a reorganizat ion of  t h e  /201r
processes of  i n t r a c e l l u l a r  metabolism, by changes i n  t h e  r a t e  of  enzymatic reac
t ions ,  and t h e  l i k e .  These quest ions require  f u r t h e r  study and development. 

Thus, t h e  da t a  accumulated up t o  now provide evidence of t h e  exis tence,  
during prolonged acc l imat iza t ion ,  of adapt ive reorganizat ions of physiological  
f u n c t i o m  a c c o q l i s h e d  on t h e  t i s s u e  leve l .  
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RM;IME OF EXTERNAL RESPIRATION I N  ATHLETES DURIILG 
MUSCULAR ACTIVITY OF CYCLIC TYPE 

V .V .Mikhaylov 
(S ta t e  Central  I n s t i t u t e  of  Physlcal  Culture, 

Order of Lenin, Moscow) 

The comparative e f f i c i ency  of var ious regimes of r e sp i r a t ion  during muscu
l a r  exerc ise  of var ious  degrees of i n t e n s i t y  w a s  s tudied i n  t h i s  paper. In  
p a r t i c u l a r ,  we were concerned w i t h  t h e  f e a t u r e s  of r e s p i r a t i o n  through t h e  mouth 
and through the  nose, and of r e s p i r a t i o n  a t  var ious  r a t i o s  of  r a t e  and depth. 

We found t h a t  t h e  maxi" pulmonary v e n t i l a t i o n  ("V) i n  brea th ing  through 
the  nose w a s  only one ha l f  t o  one t h i r d  a s  g r e a t  as i n  brea th ing  throush t h e  
mounth, while t h e  maximum oxygen consumption (KOC) w a s  25 - 35%lower. Thus, 
i n  k t e n s e  muscular work breathing through t h e  nose cannot ensure s u f f i c i e n t  
pulmonary v e n t i l a t i o n  because of  t h e  g rea t  r e s i s t ance  of t h e  riasal c a v i t i e s  t o  
t h e  flow of  insp i red  and expired a i r .  

We compared t h e  b P V  i n  r e sp i r a t ion  a t  a frequency of 1 0  - 150/min w i t h  the  
maxi" depth for t h e  corresponding r a t e .  The highest  values  of t h e  i.Ipv were 
found i n  t h e  Pange of  70 t o  120 resp/min, and t h e  lowest a t  lC - 2G resp/min. 

The r e sp i r a to ry  r a t e  w a s  v i s u a l l y  estimated i n  77 m e r s  and on var ious 
sec t ions  of a cross-country race.  A r a t e  of 30 - 4 0 i n  2 min was fow-d i n  2.9% 
of t h e  cases;  a rate of L1 - 50 i n  5.8% of  t h e  cases;  of 51  - 60 i n  32.5%; 
of 6 1  - 70 i n  35.3%; of 71 - 80  i n  20.6%; and of El - 90 i n  2.9%. KO resp i ra -

/2cx 
t o ry  r a t e s  below 30 or above 9 G  per  min were observed. 

During muscular work, a t  an i n t e n s i t y  a t  which t h e  MOC w a s  reached, t he  
subjec ts  breathed a t  varying r a t e s  and depths of r e sp i r a t ion .  The highest  
values  of t h e  MOC w e r e  reached a t  a r e sp i r a to ry  r a t e  ol" 50 - 80 pe r  min, sone
what lower a t  35 - 1,5 per min ( t h e  d i f fe rence  between these  valxes  was statist i
c a l l y  un re l i ab le )  and st i l l  lower a t  rates of  20 - 30, or e l s e  higher than �0 
p e r  min. I n  highly t ra ined  sk ie r s ,  we l a t e r  repeatedly determined t h e  NOC a t  
na tu ra l  r e sp i r a to ry  r a t e  (using a valve of 36 - f46 p e r  min) and a t  forced re
sp i r a t ion  (rate 50 - 80  pe r  min). The MOC obtained i n  t h e  former case w a s  
66.7 mykg and i n  t h e  l a t t e r ,  67.3 m&/kg (d i f fe rence  s t a t i s t i c a l l y  unre l iab le) .  

Thus, t h e  most e f f e c t i v e  supply of t he  body with oxygen during in tense  
dynamic work occurs a t  r e sp i r a to ry  r a t e s  of LO - 80 pe r  m!in and a t  50 - 25% of 
t h e  v i t a l  capaci ty  (VC). The ind iv idua l  values  f luc tua ted  over a wide range. 
I n  one and the  same person, t h e  MOC may be r e l a t i v e l y  equal a t  a dilrferent r a t i o  
of r a t e  t o  depth of r e s p i r a t i o n  ( f o r  ins tance ,  r a t e  A.0 and depth 50% of  V C ;  or 
r a t e  80 and depth 25% of VC). 

The opinion t h a t  deep and slow r e sp i r a t ion  2s pre fe rab le  i s  widespread.
Our da ta  show t h a t ,  i n  t h e  first place,  t h e  MOC may f a i l  t o  vary on extensive 
f luc tua t ions  i n  t h e  r a t e  and depth of r e s p i r a t i o n  and t h a t ,  i n  t h e  second place,  
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desp i t e  t h e  aFparer.t advaEtage of slow and deep r e sp i r a t ion ,  athletes durir.g /207 
i p i ense  work mostly breath a t  a rate of 60 - 80 p e r  win and a t  a depth of 
20 - LO% of VC. The electromyogram (EMG) of c e r t a i n  muscles p a r t i c i p a t i n g  i n  
forced breathing showed t h a t  t h e s e  rmscles begin t o  functior. a t  depths of 
20 - LO$ of VC o r  higher. Apparently, i t  i s  advantageous t o  t h e  body t o  estab
l i s h  r e s p i r a t j  o r  by t h e  r e s p i r a t o r y  muscles themselves, r e l e a s i n g  t h e  s k e l e t a l  
musculature for s p e c i f i c  motor a c t i v i t y .  It might w e l l  be t h a t  this is t h e  
reasor. f o r  t h e  f a c t  t h a t ,  during muscular work, t h e  r e s p i r a t o r y  volume, af ter  
orce reachifig 30 - LC$ of V C ,  w i l l  no longer  vary subs t an t i a l ly ,  whereas t h e  
i r c r e a s e  o r  decrease ir .  v e n t i l a t i o n  - t o  match t h e  f l u c t u a t i n g  power output -
take Flace Frirrari ly by v a r y i r g  t h e  r e s p i r a t o r y  rate. I n  low-intensity work, 
t h i s  i s  25 - 35 F e r  mir., while  i n  near-extreme and i n  extreme work i t  reaches 
60 - 110 Fer Tin. 



HISTOC�!EXICAL STUDY OF BLOOD AND LIVE23 CELLS AT /2@. 
P H Y S I C A L  STRESS Uru’DEIZ �WPOXIC CONDITIONS 

0.R.Nemirovich-Danchenko 
(Sports Medicine Section, Chief: Prof.  S.P.Letunov; 
Central  Research I n s t i t u t e  f o r  Physical Culture,  

Director :  Prof. A.V.Korobkov, Yoscow) 

The s t m c t u r e  as w e l l  as t h e  p h p i c a l  and chemical a c t i v i t y  of c e l l s  a r e  
top ics  t h a t  increas ingly  a t t r a c t  the a t t e n t i o n  of research workers. Determiria
t i on  of t he  nucleic  a c i d s  y i e l d s  da ta  r-ot only on the  nature  of  t he  metabolic 
processes a t  t he  c e l l u l a r  l e v e l  and the  s t a t e  of hemopoiesis bu t  a l so  on the  
mechanism of immunity. The enzyme content, such as peroxidase, oxidase, e tc . ,  
permits u s  t o  character ize  the  redox processes i n  the  organism. A histochemical 
study o f  i n t r a c e l l u l a r  processes o f f e r s  an approach t o  an evaluation of the  de
gree and character  of the  changes and regulat ion of  t he  processes o f  recovery, 
caused by var ious fac tors .  The objec t  of  t he  present  work was  a histochemical 
study o f  t h e  r ibonucleic  ac id  content i n  t h e  c e l l s  of the  blood, l i v e r ,  m d  
hear t ,  and the e n z w t i c  a c t i v i t y  i n  t h e  blood c e l l s .  The morphology ol the  
blood and the  phagocytic power of i t s  leukocytes were also invest igated.  

A s  experimental model, we used the  swimming of mice (submerged) from 30 t o  
90 min a t  28 t o  30°C. Some of t h e  animals were sacr i f iced  a f t e r  repeated swims, 
o t h e r s  w e r e  t ra ined  f o r  3 weeks (svchning 3 times per  week). I n  a l l  there  /2oq 
were 60mice, weighing 18 - 20 gm, divided i n t o  four  groups. I n  t h e  first, or 
control  group (without swimming), we found t h a t  t he  ind ices  of hemopoiesis, 
phagocytic and enzymatic a c t i v i t y  of the  blood w e r e  c lose t o  normal. In  the  
l i v e r  c e l l s ,  t h e  �EA w a s  f o r  t he  most p a r t  loca l ized  along t h e  periphery; the  
hear t  muscles s ta ined uniformly but  contained no RDJA. It i s  known from the  
l i t e r a t u r e  t h a t  RNA i s  found o n l y  i n  the  hea r t  muscle of rats (F.V.Shtraub). 

The mice of t h e  second group, a f t e r  submerged swimming f o r  30 inin, showed 
an  a c t i v a t i o n  of t he  hematopneic, phagoccytic, and ca ta lase  indices.  Thus, t he  
a c t i v i t y  of t h e  phagocytes increased from 3.22 k 0.29 (a t  r e s t )  t o  5.61 A 1.60, 
w h i l e  t h e  i n t e n s i t y  rose from 0.67 k G.007 t o  1.60 t 0.07. The histochemical 
index of  peroxidase a c t i v i t y  increased from 1.53 f 0.07 t o  1.n t 0.001. A t  
t h i s  load, occasional blood c e l l s  sa tc ra ted  with RKA were encountered, and the 
FUIA l e v e l  of t h e  l i v e r  c e l l s  s t a r t ed  t o  vary: A l l  l i v e r  c e l l s  were f i l l e d  q u i t e  
uniformly with RNA i n  the  form of reddish small and l a r g e  granular  blocks. In  
t h e  hea r t  muscle, RNA appeared i n  the  form of a rosea te  powdery dus t  ( i n  indi
vidual  myof i b  rils ). 

After  extensive stress ( t h i r d  group), we noted a dec l ine  i n  the  ind ices  of 
hemopoiesis and leucopoiesis  and considerable changes i n  bloGd morphology. We 
a l so  noted depression of t h e  phagocytic and enzymatic a c t i v i t y  of  the  ce l l s .  
Thus, t he  a c t i v i t y  of  phagocytosis declined t o  2.30 + 0.16, and t h e  i n t e n s i t y  
t o  0.38 I0.02, while the  histochemical index declined from 1.53 1: 0.09 t o  
0.67 I .  0.05. Juvenile c e l l s  appeared, some of them saturated with RNA, but  many 
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o t h e r s  containing none. There w a s  considerably less  RNA i n  t h e  l i v e r  c e l l s  than 
a f t e r  a 3Gmin swim, b u t  more than i n  t h e  controls.  No RNA w a s  found i n  t h e  /210 
cardiac myofibrils .  

I n  t h e  t r a ined  mice ( fou r th  group), t h e  changes i n  blood morphology w e r e  
c lose t o  those i n  Group 3. However, t h e  p ro tec t ive  and enzymatic a c t i v i t y  o f  
t h e  b l o o d c e l l s  ms higher than i n  t h e  untrained mice. RNA w a s  found i n  t h e  
protoplasm of rnany leukocytes,  The t r a i n e d  mice had more RNA i n  t h e  l i v e r  c e l l s  
than t h e  untrained animals. There w a s  l ikewise no RNA i n  t h e  h e a r t  muscle. 

Thus, t h e  histochemical study of  t h e  c e l l s  .yields information on t h e  degree 
of s t r a i n  iri t h e  var ious s y s t e m s .  Higher stresses, under condi t ions o f  r e l a t i v e  
hypoxia, induced changes g r e a t e r  than those o f  t h e  physiological zones: depres
s ion  of t h e  funct ions of hemopoiesis, phagocytic, and enzymatic a c t i v i t y  o f  t h e  
blood c e l l s .  I n  addi t ion,  t h e  absence o f  migration of RNA i n t o  t h e  protoplasm 
of some c e l l s  of  t h e  blood and l iver ,  a t  t h i s  stress, proved t h e  d e c l i n e  in t h e  
i n t r a c e l l u l a r  metabolic processes,  i.e. , a dis turbance o f  t h e  rate of  p ro te in  
syr-thesis. 

3111211stresses i n  t r a ined  mice ac t iva t ed  defensive-adaptive reactions.  An 
increase i n  t h e  RNA content w a s  noted i n  t h e  blood c e l l s  and l i v e r  c e l l s  of  
mice, with concomitant c e l l  renewal. These imunologica l  and histochemical 
changes of a p r o l i f e r a t i v e  and metabolic cha rac t e r  car, b e  regarded as t h e  morpho
l o q i c a l  subs t r a t e  of  t he  adapt ive r eac t ions  of t h e  organism. It i s  w e l l  known 
t h a t  morphological changes precede t h e  appearance of ant ibodies ,  as an important 
f a c t o r  of  immunity. 
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THERAPEUTIC EFFECT OF ARTIFICIAL CIRCULATION I N  /211' 
HYPOXIA OF THE MYOCARDIUM AND BRAIN 

A.A.Pisarevskiy and Ye.R.Soboleva 

( I n s t i t u t e  of Cardiovascular Surgery, USSR Academy of 


Medical Sciences, Director :  Prof. S.A.Kolesnikov, 
Honored S c i e n t i s t  of t h e  RSFSR; S c i e n t i f i c  
Di rec tor  : Academician A. N .Bakulev, Moscow) 

Hypoxia of  t h e  qocard ium and b r a i n  i s  a fundamental symptom of advanced 
acute  cardiopulmonary insuf f ic iency ,  which we induced experimentally by two 
methods. In  t h e  first s e r i e s  of experiments, acu te  cardiopulmonary insuf f ic iency  
w a s  induced by app l i ca t ion  of tourn ique ts  t o  t h e  pulmonary roo t s ,  except a t  t h e  
lower p a r t  of t h e  l e f t  lung whose r e s p i r a t i o n  was a r t i f i c i a l l y  continued during 
t h e  e n t i r e  experiment. 

From t h e  time t h e  tourn ique ts  were t ightened t o  manifestat ion of extreme 
symptoms of hypoxia of t h e  myocardium and brain, an average of 26 min elapsed 
( t h i s  time varied from 9 t o  70 m i n ) .  During t h i s  per iod,  judging from the  ECG, 
general ly  arrhythmia, v e n t r i c u l a r  ex t rasys to les ,  and paroxysmal tachycardia oc
curred first,  followed by increas ing  symptoms of acute  coronary insuf f ic iency ,  
i n  some experhnents going as far as a t r i o v e n t r i c u l a r  f i b r i l l a t i o n ,  sharp slowing 
of t h e  r a t e ,  v e n t r i c u l a r  f i b r i l l a t i o n ,  and card iac  arrest. 

The EEE simultaneously showed a dec l ine  i n  b i o e l e c t r i c  a c t i v i t y  of t h e  
brain, t h e  appearance of slow rhythms and, a t  t h e  peak of card iac  insuf f ic iency ,  
a r r e s t  of  b r a i n  a c t i v i t y .  

Against t h e  background of t h i s  severe hypoxia of t h e  myocardium and bra in ,  
we t e s t e d  the  therapeut ic  e f f e c t  of d e r i v a t i v e  c i r cu la t ion ,  by means of "heart
lung" machines of t h e  1~Rygg-Kywsgaard-3", "ISG2", and vtISKhF-lvvtypes. /212 

A r t i f i c i a l  c i r c u l a t i o n  w a s  maintained by t h e  following arrangement: The 
venous blood was  drained i n t o  t h e  oxygenator by ca the te r s  introduced through t h e  
jugular  and femoral ve ins  t o  t h e  l e v e l  of t h e  mouths of t h e  venae cava; t h e  ar
t e r i a l i z e d  blood w a s  co l lec ted  by a pump and forced i n t o  t h e  femoral a r te ry .  
During t h e  de r iva t ive  c i r c u l a t i o n  t h e  tourn ique ts  were l e f t  on t h e  pulmonary 
roots.  However, desp i t e  operat ion of t h i s  pathogenetic mechanism f o r  per iods  
of 5 t o  116 min (with an average of 36 m i n ) ,  t h i s  shunt c i r c u l a t i o n  d id  elimi
na te  hypoxia of t h e  hea r t  and b r a i n  and normalize t h e i r  func t iona l  indices .  

I n  t h e  second s e r i e s  of experiments, acu te  cardiopulmonary insuf f ic iency  
w a s  induced, without thoracotomy, by a c t i v e  pulmonary hypervent i la t ion,  using 
a i r  containing a s m a l l  amount of e ther .  

I n  this s e r i e s ,  hypocapnic hypoxia of t h e  b r a i n  and myocardium took from 
1 2  t o  L2 min t o  develop (on t h e  average, hypoxia reached i t s  m a x i m  within 
2L min). The hypoxia of t h e  b r a i n  was  no t  as severe as i n  t h e  preceding series, 
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although the re  w e r e  always manifestat ions of  coronary in su f f i c i ency  and de
creased cerebra l  a c t i v i t y .  

The therapeut ic  e f f e c t  of  a r t i f i c i a l  c i r cu la t ion ,  using t h e  above method 
o r  t h e  method of ar ter iovenous perfusion without blood oxygenation, was mani
f e s t ed  i n  3 t o  60 m i n  (on t h e  average, i n  40 min). 

I n  conclusion, w e  should mention t h a t ,  a s  soon as poss ib l e  af ter  t h e  thera
peu t i c  e f f e c t  of a r t i f i c i a l  c i r cu la t ion  has been es tab l i shed  and t h e  a c t i v i t y  
of both hea r t  and b r a i n  has  been normalized, t h e  perfusion should be stopped /2l3 
i n  view of t h e  f a c t  t h a t ,  on f u r t h e r  prolongation, a l l  symptoms of c i rcu la tory-
re sp i r a to ry  d i so rde r s  and hypoxia will reappear; t hese  would c o n s t i t u t e  a patho
l o g i c a l  reac t ion  of t h e  organism t o  t h e  a r t i f i c i a l  c i r c u l a t i o n  i tself .  
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OXYGENATION OF THE B D D  AND TISSUES OF THE BRAIN DURING /214
RE;SPIRATION AT EXCESS PRESSURE I N  A RAREFIED ATMOSPHERE 

V.L.Popkov and 1.N.Chernyakov 
Moscow 

We studied t h e  oxygen supply of t h e  organism of animals (dogs) during re
sp i r a t ion  under p o s i t i v e  pressure,  using systems of compensation of varying ef
fec t iveness  under sea-level and a l t i t u d e  conditions.  The p02 was detemined 
polarographical ly  i n  t h e  blood ( i n  mm Hg) and i n  t h e  b r a i n  t i s s u e s  ( i n  r e l a t i v e  
u n i t s ,  i n  percent o f  t h e  i n i t i a l  value). I n  some of t h e  experiments, we i nves t i 
gated t h e  course of t h e  pC02 of t h e  blood. A s  a cont ro l  of t h e  general  s t a t e  
of t h e  animal, we took a pneumogram, an EMG of t h e  muscles, and an ECG. 

We found t h a t  t h e  oxygen tension i n  t h e  blood and tissues of t he  b r a i n  de
pends on the  a lveo la r  pOz, on t h e  l e v e l  of pos i t i ve  pressure  i n  the  lungs,  and 
on t h e  e f fec t iveness  of t h e  compensating systems a t  sea l e v e l  and a t  high a l t i 
tude s. 

I n  r e sp i r a t ion  of oxygen under normal pressure a t  "ground level", t h e  p02 
i n  t h e  lungs rose t o  670 mm Hg (by a f a c t o r  of 6 )  and i n  t h e  a r t e r i a l  blood t o  
L65 mm Hg (by a f a c t o r  of 5 ) ;  t h e  oxygen tension i n  t h e  t i s s u e s  of t h e  b ra in  
increased only  1.5 - 2 times. Thus, t h e r e  w a s  a marked discrepancy between t h e  
a lveo la r  pOz and t h e  blood p02, and, p a r t i c u l a r l y ,  i n  t h e  b r a i n  t i s sues .  

Inhdlat ion of oqygen under excess pressures  up t o  30 m Hg without ex terna l  
counterpressure induces a subsequent i nc rease  i n  arterial  p02 ( t o  h91 mm Hg) 
w i t h  a simultaneous dec l ine  i n  venous pOz t o  39.5 mm Hg, aga ins t  an i n i t i a l  (215 
l e v e l  of 55 nun Hg. There i s  an accumulation of C02 i n  t h e  venous blood, accom
panied by marked changes i n  hemodynamics and r e sp i r a t ion ,  i nd ica t ing  a r e s t r i c t e d  
inf low of blood t o  t h e  r i g h t  hea r t  and complication of exhalation. The O2 pres
sure  i n  t h e  b r a i n  t i s s u e  doubles. 

An excess pressure  of  more than 30 m Hg usua l ly  causes a dec l ine  of  pOz i n  
t h e  b r a i n  t i s s u e s  t o  below t h e  i n i t i a l  Values, i nd ica t ing  a stoppage o f  t h e  
compensatory r eac t ions  of hemodynamics and resp i ra t ion .  The spread of t h e  excess 
pressure,  o r  t h e  app l i ca t ion  of an e f f e c t i v e  ex te rna l  counterpressure,  w i l l  
have a l eve l ing  e f f e c t  (but  o f t en  a l s o  l e a d s  t o  a b r i e f  sharp "jumptt of t h e  
lowered pOz i n  t h e  b r a i n  t i s s u e s )  and w i l l  smoothen t h e  changes i n  t h e  cardio
vascular  and r e sp i r a to ry  systems. 

A f u r t h e r  increase  of  t h e  intrapulmonary pressure  t o  200 m Hg, i n  combina
t i o n  w i t h  an equal ex te rna l  counterpressuse, led i n  most e q e r i m e n t s  t o  a 
g r e a t e r  increase of t h e  p02 i n  t h e  b r a i n  t i s s u e s  than t h a t  roduced by tve in
ha la t ion  of oxygen under normal pressure.  Even i n  t h i s  cas!, however, t h e  in
crease of p02 i n  t h e  b r a i n  t i s s u e s  l a g s  behind t h e  increase  of pOz i n  t h e  lungs. 

Under a l t i t u d e  conditions,  no pronounced l a g  of  t h e  p02 i n  t h e  blood and 
b r a i n  t i s s u e s  behind t h e  a lveo la r  p02 i s  noted. A t  a l t i t u d e s  above 12,000 my 
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a t  an absolute  pressure of  150  mm Hg i n  t h e  lungs and with e f f e c t i v e  compensa
t i o n  by ex terna l  counterpressure,  t hese  values  correspond t o  t h e  p02 l e v e l  noted 
a t  LOO0 m a l t i t u d e  during inha la t ion  of regular  a i r  o r  a t  12,000 m during in
ha la t ion  of oxygen under t h e  pressure  of t h e  ambient atmosphere. During inhala
t i o n  under excess pressure,  a t  200 mm H g  and a l t i t u d e s  over 10,000 m, t h e  /216
pOz i n  t h e  blood and b r a i n  t i s s u e s  approaches i t s  i n i t i a l  values. 

A t  a l t i t u d e s  of  20,000 - 30,000 m, during r e s p i r a t i o n  under excess pres
sure, t h e  blood pCOz was found t o  depend on t h e  l e v e l  of intrapulmonary oxygen 
pressure.  A t  150 mm Hg pressure  i n  t h e  lungs,  hypocapnia w a s  observed but  d i s 
appeared when t h e  intrapulmonary pressure was  increased t o  200 mm Hg. 

Hypocapnia during r e s p i r a t i o n  under pos i t i ve  pressure a t  g rea t  a l t i t u d e s  
i s  a consequence of hypoda  r a t h e r  than of t h e  decreased barometric pressure o r  
t h e  increased intrapulmonary pressure.  

-
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CONTRIBUTION TO THE QUEsTION OF THE REGULATION OF OXYGEN /217
MCHANGE UNDER CONDITIONS OF ARTIFICIAL CIRCULATION 

V.Ye.Rayevskiy, Ye.N.Asheulova, and Ye.P.Soboleva 
( I n s t i t u t e  of Cardiovascular Surgery, USSR Academy 

of  Medical Sciences,  Moscow) 

The GOz of t h e  blood p l ays  a major r o l e  i n  t h e  regula t ion  of oxygen ex
change. T h i s  has been proved i n  inves t iga t ions  of t h e  e f f e c t  of  CO, on t h e  r a t e  
of oxyhemoglobin d i s soc ia t ion ,  i n  s t u d i e s  on t h e  r o l e  of  C 0 2  i n  t h e  regula t ion  
of t h e  r e sp i r a to ry  center  and cardiovascular  s y s t e m  a c t i v i t y ,  and by experi
mental results as t o  t h e  e f f e c t  of  C02 on t h e  oxida t ive  processes. 

Under condi t ions of na tu ra l  r e sp i r a t ion  and c i r cu la t ion ,  t he  a c t i v i t y  of 
t h e  r e sp i r a to ry  center ,  varying under t h e  inf luence of t h e  gas composition of 
t h e  blood, may exert a not iceable  inf luence on t h e  l e v e l  of O2 and C02 i n  t h e  
organism. However, under t h e  condi t ions of a r t i f i c i a l  r e sp i r a t ion ,  and a l s o  
under condi t ions of  extracorporeal  blood c i r cu la t ion ,  t h i s  mechanism i s  cut  out.  
The condi t ions under which t h e  C 0 2  content of t h e  blood decreases  a r e  of  pa r t i cc 
l a r  i n t e r e s t  here. In t h i s  connection, we s tudied t h e  o q g e n  exchange during 
prolonged a r t i f i c i a l  pulmnary hypervent i la t ion (extending over one hour)  and 
a l s o  during a A i f i c i a 1  blood c i r cu la t ion ,  i n  conjunction with hypothermia, under 
var ious gas regimes of perfusion. 

The experiments were  performed on dogs, 12  t o  23 kg i n  weight. The s tud ie s  
on t h e  oxygen exchange during prolonged hypervent i la t ion were made on 17 dogs. 
The experiments with a r t i f i c i a l  c i r cu la t ion ,  i n  conjunction w i t h  moderate hyper
ven t i l a t ion ,  were performed on 19  dogs. I n  la ter  e q e r i m e n t s ,  we used an a l t e r 
na t ing  gas regime: A t  10 - 20 min i n t e r v a l s ,  t h e  operat ion with oxygen was re
placed by operat ion with oxygen and carbon dioxide,  which i n  t u r n  was replaced 
again by operat ion w i t h  oxygen. During t h e  oxygen regime, only oxygen w a s  /21G 
fed t o  t h e  oxygenator, while during t h e  oxygen-C02 regime, 3.L% of COz was  added 
t o  the  oxygen feed. W e  measured t h e  oxygen sa tu ra t ion  of t h e  arterial  and venous 
blood, t h e  pC02, t h e  volume rate of flow of blood through t h e  bra in ,  t h e  b ra in  
oxygen consumption, t h e  acid-base equilibrium, t h e  ar ter ia l  pressure,  t h e  ECG, 
and t h e  EEG. 

The results of our s tud ie s  on t h e  e f f e c t  of  hypervent i la t ion on t h e  animal 
organism, included t h e  following: 

After  t r a n s i t i o n  from na tu ra l  r e s p i r a t i o n  t o  hypervent i la t ion,  we noted i n  
most of our experiments an increase  i n  oxygen sa tu ra t ion  of  t h e  blood, and a 
simultaneous dec l ine  i n  pC02. This dec l ine ,  a l ready  manifested a t  t h e  beginning 
of hypervent i la t ion,  amounted i n  1 5  min t o  29%, and i n  60  min t o  50%. 

I n  most of our  experiments, t h i s  was accompanied by a dec l ine  i n  t h e  blood 
flow through t h e  b ra in ,  an increase  i n  t h e  ar ter iovenous oqvgen d i f fe rence ,  and 
a gradual increase  i n  metabolic ac idos is ;  we observed an increase  o r  decrease i n  
o q g e n  consumption of t h e  b r a i n  in t h e  same number of cases. We a l s o  noted a 
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drop i n  a r t e r i a l  blood pressure t o  LO mm Hg and less, concomitant w i t h  changes 
i n  t h e  ECG and EEG ind ica t ing  development of  h.ypoxia i n  both hea r t  and brain.  

O f  t h e  17 dogs on which experiments with hypervent i la t ion w e r e  made, e ight  
died. Three of these  died because t h e  apnea continued after hypervent i la t ion 
had been stopped, so t h a t  t h e  a c t i v i t y  of t h e  r e s p i r a t o q  center  w a s  not  re
stored;  i n  the  o the r  five, independent r e sp i r a t ion  had been res tored  after the  
end of hypervent i la t ion,  bu t  they a l l  died during the  f i r s t  days a f t e r  t h e  
experiment. 

/21q 

Our s tud ie s  i n  t h i s  series of experiments are of in te res t  i n  t h e  following 
d i r ec t ions :  

1. They showed t h a t ,  as a result of hypervent i la t ional  hypocapnia, t h e  
oxygen consumption of t h e  b ra in  increased i n  ha l f  of our  experiments, The 
l i t e r a t u r e  contains  statements t h a t  hypocapnia will lead  t o  an increase  i n  the  
general  l e v e l  of ox ida t ive  processes. Our d a t a  show t h a t ,  under t h e  inf luence 
of hypocapnia, t h e  oxygen consumption of t h e  b r a i n  increases.  That t h i s  w a s  
observed i n  o n l y  50% of  t h e  cases  w a s  apparently due t o  t h e  degree of hypoxia 
involved as w e l l  as t o  t h e  depth of narcosis ,  both of which var ied during t h e  
course of t h e  eqer iment .  

2. Prolonged hypervent i la t ion induces cardiovascular and r e s p i r a t o l y  in
suff ic iency,  which may lead  t o  death immediately a f t e r  t h e  hypervent i la t ion i s  
stopped o r  a t  var ious per iods the rea f t e r ,  ranging from severa l  minutes t o  
severa l  hours. 

3. Our d a t a  permit u s  t o  regard t h e  complex of  changes (which set i n  as a 
r e s u l t  of hypervent i la t ional  hypocapnia) as a model of cardiovascular  and re
sp i r a to ry  insuf f ic iency ,  which mag serve as b a s i s  f o r  devis ing measures f o r  
prophylaxis and el iminat ion of hypoxia. 

I n  the  experiments w i t h  a r t i f i c i a l  c i r cu la t ion ,  in conjunction with hypo
thermia (30 - 2 2 ° C  i n  t he  esophagus), changes i n  t h e  gas composition of perfu
s ion a l s o  induced corresponding f luc tua t ions  of  t h e  pC0, i n  t h e  ar ter ia l  blood. 
I n  t h e  oxygen regime of perfusion,  t h e  pCOz of t h e  a r t e r i a l  blood f luc tua ted  
from 32 t o  35.6 mm Hg, and i n  t h e  oxygen-C02 regime from L2.8 t o  49 m Hg. 

I n  most of our  eqe r imen t s ,  on t r a n s i t i o n  from operat ion with oxygen /220 
t o  operat ion w i t h  oxygen and carbon dioxide i n  t h e  perfusion, t h e  blood flow 
through t h e  b r a i n  increased as d id  a l s o  t h e  oxygen consumption of  t h e  brain 
whereas, on t r a n s i t i o n  from t h e  oxygen-C02 regime t o  t h e  oxygen regime, t h e  
volume rate of blood flow through t h e  b ra in  and t h e  oxygen consumption of  t h e  
b ra in  both decreased. Our d a t a  seem t o  ind ica t e  t h a t  an addi t ion  of C 0 2  t o  t h e  
oxygen, i n  experiments with a r t i f i c i a l  c i r cu la t ion  and hypothermia, f a c i l i t a t e s  
t h e  oxygen uptake of  t h e  b r a i n  which had undergone oxygen s t a rva t ion  under t h e  
conditions of oxygen perfusion. This agrees with t h e  ideas of t h e  r o l e  played 
by COz i n  t h e  d i s soc ia t ion  of oxyhemoglobin, e spec ia l ly  under condi t ions of 
hypothermia. 

These s tud ie s  have shown t h a t  regula t ion  of t h e  gas content may be one 
means of con t ro l l i ng  perfusion so as t o  ensure adequate a r t i f i c i a l  c i rcu la t ion .  
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/221
DYNAMICS OF CHANGES I N  THE OXYGEN TENSION UNDER VARIOUS 
GAS CONTENTS OF THE ARTIFICIAL CIRCULATION IQUIPMENT 

V.S.Rayevskiy 	 and L.Ye.Kramarenko 
Moscow 

The var ia t ions  i n  oxygen tension i n  the  t i s sues  of the  brain,  heart ,  and 
muscles of t h e  extremities were studied by t h e  polamgraphic method. The ex
periments were performed on dogs 1L t o  30 kg i n  weight, under conditions of 
a r t i f i c i a l  circulation. I n  a l l ,  74 experiments were performed. 

The object w a s  t o  inves t iga te  the  var ia t ions  i n  o q g e n  tension i n  various 
organs, i n  i t s  dependence on the  gas content i n  perfusion during a prolonged 
a r t i f i c i a l  blood c i rcu la t ion  (1- 2 hrs). The experiments were r u n  a t  normal 
temperature and under hypothermia. I n  a l l ,  th ree  series of experiments were 
performed. 

The s tudies  showed t h a t  t he  oxygen tension in t he  t i s sues  of t he  brain,  
heart ,  and muscles of t he  extremities depends on t h e  gas composition of the  per-
fusion. 

I n  the  oxygen regime, both a t  normal body temperature and i n  hypothermia, 
there  was a constant drop i n  oxygen tension in the  t i s s u e s  below the  i n i t i a l  
l eve l ,  throughout an experiment extending over 1- 2 hrs. 

A t  normal body temperature, the  o q g e n  tension had declined, on the  average, 
by the  end of the  experiment: 

a )  by 12%i n  t h e  brain,  20% in t he  myocardium, and 29% i n  the ske le ta l  
muscles; 

b )  a t  hypothermia, the  oxygen tension dropped by 8%i n  t h e  brain,  12% 
i n  the  myocardium, and 20% i n  the  ske le ta l  muscles. /222 

Under continuous prolonged operation a t  oxygen p lus  carbon dioxide, the  
oxygen tension, throughout t he  experiment with normal body temperature, in
creased by 12%i n  the  b ra in  and by 22% i n  t h e  myocardium; with hypothermia, it 
Fncreased by 15%i n  the  bra in  and by 30%i n  the  qyocardium, while a decline of  
25% w a s  noted i n  t h e  muscles of the  extremities. 

I n  t h e  th i rd  s e r i e s  of  experiments using a l te rna t ing  gas regimes, on tran
s i t i o n  from operation with oxygen t o  omjgen plus  carbon dioxide, we noted a 
cer ta in  increase in the  p02 of  t he  brain and hear t  tissues; on t r ans i t i on  from 
oxygen plus  carbon dioxide t o  oxygen operation, there  was a drop i n  oxygen ten
sion. 

On t r ans i t i on  from pure oxygen t o  oxygen p lus  COZY a t  normal body tempera-
increased by 8%and i n  the  myo
p02 was  noted in the  ske le ta l  

tu re ,  t he  oxygen tension i n  the  bra in  t i s s u e s  
cardium by l5$, w h i l e  no r e l i a b l e  increase i n  
muscles. 
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In  hypothermia, under the  above conditions, t he  oqygen tension i n  the  brain 
increased by 22% and i n  the  myocardium by 3@, while the  pOz dropped by 32%i n  
the  ske le ta l  muscles. 

On t r ans i t i on  from the  oqygen p lus  C 0 2  t o  pure oqygen a t  normal body tem
perature,  t he  oxygen tension i n  t h e  b ra in  tissues remained within t h e  or ig ina l  
range o r  dropped by 8% in some o f  the  experiments; i n  the  myocardium it declined 
by 19%, while the  drop i n  p02 was pronounced in the  ske le t a l  muscles, namely, 
LO%. 

I n  hypothermia, the  oxygen tension i n  the  bra in  t i s s u e  dropped by l9;%, i n  
t h e  myocardium,by 13%, while the p02 dropped by 30%i n  the ske le ta l  muscles. /223 

The changes i n  pOz as a f'unction of t h e  gas conditions of t he  perfusion 
were accompanied by regular var ia t ions  in the  blood flow o f  t he  brain and of the  
vascular tonus i n  t h e  rear extremities. 

On t r ans i t i on  from oxygen t o  oxygen plus  COZY we noted an increase i n  blood 
flow through the  b ra in  and an increase i n  vascular tonus of t h e  extremities. On 
t r ans i t i on  from oxygen plus  C 0 2  t o  oqygen, t he  blood flow through the  bra in  de
creased and the  vascular tonus of t he  extremities became weaker (V.S.Rayevskiy, 
G. A. Muvamlina, L. A. Sumbatov, Ye .N.Ashcheulova, L. Ye. Kramarenko, 0.P.Shalybkova, 
and Ye.R.Soboleva), 

The var ia t ions  i n  o q g e n  tension in the  t i s sues  with the  gas composition 
of  t h e  perfusion, noted by us, obviously are due t o  react ions o f  the  vascular 
system i n  connection with t h e  red is t r ibu t ion  of blood mainly concerned w i t h  
supplying blood first t o  the  vital  organs; they are a l so  due t o  t he  e f f ec t  of 
C 0 2  on the  oxyhemoglobin dissociat ion rate. 
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ON THE NECHANISM OF DISTURBANCE OF THE OXYGJDJ E I M E  OF /22L
THE HEART I N  CORONARY OCCLUSION 

M.Ye.Rayskina and B.M,Shargorodskiy 
(Therapeutic I n s t i t u t e ,  USSR Acadeqy of Medical Sciences,  
Director :  Prof. A.L.Myasnikov, Nl Member USSR Academj 

of Medical Sciences,  Moscow) 

A r e s u l t  of acu te  coronary occlusion i s  t h e  in t e r rup t ion  of oxygen supply
and of r e a d i l y  u t i l i z e d  oxidat ion subs t r a t e s  i n  a circumscribed area  of t he  
hear t ,  

The r e s t r i c t i o n  of t h e  i n f l u x  of subs t r a t e s  i s  compensated by t h e  u t i l i z a 
t i o n  of t h e  reserve source of energy i n  the  h e a r t ,  glycogen, and therefore  t h a t  
phase of  metabolism t h a t  concludes with t h e  formation of reduced dipnospho
pyridine nucleot ide (DPPN) i s  not subs t an t i a l ly  impaired. The oxygen i n s u f f i 
ciency l e a d s  t o  more severe changes, s ince  t h e  hea r t  oxjgen reserves  a re  very 
l imi ted  and a r e  s u f f i c i e n t  only for 5 - h card iac  cycles.  I n  t h i s  connection, 
t h e  phase of  metabolism concerned with t r a n s f e r  of hydrogen from t h e  DPPN t o  t h e  
molecular oxygen i s  depressed. 

Owing to’ inadequate  dis turbances of t hese  t w o  metabolic phases, t h e  r a t i o  
of t h e  oxidized t o  t h e  reduced form i n  t h e  myocardium var ies .  It i s  wel l  known 
t h a t  this r a t i o  i s  character ized by t h e  value of  t h e  redox p o t e n t i a l  (ROP) whose 
f luc tua t ions  cons t i t u t e  an important index charac te r iz ing  t h e  s t a t e  of t he  redox 
processes i n  t h e  h e a r t  during myocardial i n f a r c t .  

Reflect ing t h e  i n t e n s i t y  of t h e  redox processes,  t h e  ROP will permit only 
an i n d i r e c t  judgment as t o  t h e  oxygen tens ion  i n ’ t h e  qyocardium; therefore ,  /22$ 
f o r  a more complete charac te r iza t ion  of  t h e  s t a t e  of oxygen condi t ions i n  t h e  
hear t  i n  myocardial i n f a r c t ,  t h e  oxygen pressure  (pOz) must be simultaneously 
determined. 

I n  t h e  case of  changes i n  t h e  ROP o f  t h e  myocardium i n  coronary occlusion, 

l a c t i c  ac ido n l y  t h e  determination of redox Systems, such as pyruvic ac id  ’ etc . ,  i s  ofse l ec t ive  importance. 

The objec t  of t h e  present  work was t o  observe t h e  v a r i a t i o n s  i n  p02 and 
ROP during t h e  acute s tage  of myocardial i n f a r c t  and t o  e s t a b l i s h  t h e  value of 

l a c t i c  ac idt h e  redox system pyruvic acid (L/p) i n  t h e  t o t a l  ROP of t h e  myocardium. 

To accomplish t h i s ,  we developed - i n  co l labora t ion  with B.P.Rastorguyev -
a technique of potent iometr ic  measurement and recording of  t h e  myocardial ROP 
i n  vivo. The pOz of t h e  myocardium was synchronously measured and recorded by 
the polarographic method. To study the  mechanism of va r i a t ion  of t h e  myocardial 
ROP i n  synchronism with i t s  recording, we inves t iga ted  t h e  ROP of t h e  L/p system 
and the  a c t i v i t y  of t h e  cytochrome system of t h e  mitochondria a t  an ischemic 
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focus. 

The oxygen tens ion  and t h e  ROP were s tudied after l i g a t u r e  of t h e  coronary 
a r t e r y ,  a t  t h e  focus of t h e  ischemia and i n  t h e  i n t a c t  zone, on 3 L  dogs. The 
animals were narcotized with a mixture of  urethane and chloralose;  t h e  thorax 
w a s  opened on the  median l i n e ,  and t h e  animals were put  on a r t i f i c i a l  respira
t i o n  of atmospheric air. Af te r  opening t h e  pericardium, e lec t rodes  were in
ser ted  a t  t h e  fu tu re  focus of ischemia and a t  t h e  i n t a c t  zone of t h e  hea r t ,  /226
t o  record t h e  l o c a l  v a r i a t i o n s  i n  oxygen tension,  t h e  ROP, and t h e  electrogram
(FG) a f t e r  l i g a t u r e  o f  t h e  a n t e r i o r  descending ar te ry .  

Our study showed t h a t  no subs t an t i a l  changes had occurred i n  t h e  p02, ROPY 
and Ex; i n  t h e  i n t a c t  departments of t h e  h e a r t ,  while i n  t h e  zone of ischemia 
the re  was a steady drop i n  pOa and i n  t h e  ROP, a t  increasing monophasicity of 
t h e  G. The decrease i n  p02, observed a t  t h e  ischemic focus, w a s  i n  agreement 
w i t h  t he  l i t e r a t u r e  d a t a  (Rayskina e t  a l , ,  1963; Marshak, 1963; Sanotskaya,
1963; Sayen and o thers ,  195L, 1958; Miyashita, 1962) and w a s  a consequence of 
t h e  in t e r rup t ion  of oxygen supply from t h e  blood. 

The drop i n  the  t o t a l  ROP i s  apparently due t o  two causes: depression of 
t h e  oxidat ion r a t e  i n  t h e  mitochondria which should result i n  a decrease i n  con
cent ra t ion  of t he  oxidized forms, and ac t iva t ion  of  g lycolys is  i n  t h e  cytoplasm 
which l eads  t o  an increase  i n  concentration of t he  reduced forms. 

To def ine  the  r o l e  played by t h e  L/p redox system i n  t h e  decrease of t h e  
t o t a l  ROP of t he  hear t ,  t h e  l a c t i c  and pyruvic ac id  l e v e l s  were studied i n  21 
ca t  experiments, and t h e  redox p o t e n t i a l  of t h e  L/p system was  calculated.  
Gudbjornsson and Bing (1962) as w e l l  a s  Nzgle, Hockerst, and BEgelmann (1963) 
studied t h e  ROP of t h e  Z/p system i n  t h e  coronary a r t e r i a l  and venous blood. On 
l i g a t i o n  o f  t h e  coronary a r t e r y  and a f t e r  inducing hypoxia i n  dogs, t hese  
authors  found a decrease i n  t h e  ROP of t h i s  system, in t h e  blood of t he  coronary 
sinus. In  our  own experiments, t h e  ROP of t h e  L/p system was studied i n  t h e  
t l s s u e s  o f  t h e  ischemic and non-iscnemic zones of t h e  myocardium, a t o t a l  o f  5 
and 30 min a f t e r  l i g a t u r e  of t h e  coronary a r t e r y ,  w i t h  simultaneous recording of 
t h e  t o t a l  ROP. No subs t an t i a l  v a r i a t i o n s  i n  the  t o t a l  ROP and t h e  ROP calcu- /227 

A tl a t e d  f o r  t he  L/p system could be detected i n  t h e  i n t a c t  zone of t h e  hear t .  
t h e  ischemic focus,  5 min a f t e r  l i g a t u r e ,  t h e  ROP of t h e  L/p system declined 
sharply but  rose  again a f t e r  30 m i n  (without, however, reaching t h e  original 
l e v e l ) ,  while t h e  t o t a l  ROP decl ined s t ead i ly ,  

These d a t a  permit t h e  hypothesis t h a t  t h e  dec l ine  i n  t o t a l  ROP immediately 
a f t e r  l i g a t u r e  i s  due pr imar i ly  t o  an a c t i v a t i o n  of g lycolys is  in t h e  cytoplasm, 
Af te r  30 min, when t h e  glycogen reserves  i n  t h e  myocardium have been l a r g e l y  
exhausted, t h e  g lycolys is  slows down; t h e  dec l ine  i n  t h e  t o t a l  ROP i n  t h i s  phase 
ev ident ly  i s  a r e s u l t  of  t h e  depression of redox processes  i n  t h e  mitochondria. 
To def ine  this s i tua t ion ,  we col laborated with V.G.Leonova, a staff member of t h e  
I n s t i t u t e  of Radiation Biology - using d i f f e r e n t i a l  spectrophotography - i n  
s tud ie s  on t h e  redox capaci ty  of  t h e  cytochromes i s o l a t e d  from t h e  i n t a c t  and 
ischemic departments of t h e  c a t  hea r t ,  20 min af ter  l i g a t u r e  of t h e  coronary 
artery, and de l ivered  under optimum conditions.  N o  d i f f e rences  w e r e  observed 
between the  redox power of  t h e  enzymes i s o l a t e d  from t h e  ischemic and non
ischemic zones. A t  t h e  e a r l y  s t ages  of  ischemia, evident ly ,  t h e  depression of  
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t h e  redox processes i n  t h e  mitochondria i s  not  connected w i t h  s t r u c t u r a l  changes 
i n  t h e  enzymes of t h e  cytochrome chain and i s  due only t o  oxygen insuff ic iency.  

These da t a  revea l  two f e a t u r e s  i n  t h e  mechanism of  dis turbance of  t h e  oxygen 
regime of  t h e  hea r t  i n  t h e  earlier s tages ,  following l i g a t u r e  of t h e  coronary 
artery, The first i s  a d i f f e rence  i n  mechanism of  decrease of  t h e  ROP a t  / 2 Z
d i f f e r e n t  i n t e r v a l s  after t h e  appearance of ischemia. Immediately after l i g a t u r e  
of t h e  coronary a r t e r y ,  t h e  dec l ine  in ROP i s  apparent ly  due t o  an ac t iva t ion  of 
glycolysis ,  while i n  l a te r  per iods  it i s  caused by t h e  i n h i b i t i o n  of oxidat ion 
i n  t h e  mitochondria. The second f ea tu re  i s  t h a t  t h e  dis turbance of t h e  redox 
processes i n  t h e  mitochondria probably i s  not  connected w i t h  s t r u c t u r a l  changes 
of t h e  enzymes of t h e  cytochrome system bu t  r a t h e r  i s  due t o  condi t ions t h a t  
prevent a manifestat ion of t h e i r  c a t a l y t i c  proper t ies .  

The r e s u l t s  po in t  toward t h e  e f fec t iveness  of  therapeut ic  measures f o r  
normalizing t h e  redox processes  i n  the  acute  s tage  of myocardial i n f a r c t .  
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CONTRIBUTION TO THE ANALYSIS OF THE MECHANISM OF THE ACTIOR 
OF HYPOXIA AND HYPERCAPNIA ON THE CENTRAL NERVOUS SYSTEM 

I .S .Repin 

(Department o f  General Pathology, I n s t i t u t e  of Experimental 


Medicine, Academy o f  Medical Sciences USSR, Chief: Prof. 

P.N.Veselkin, Corresponding Member USSR Acadeqy o f  

Sciences, Leningrad) 

The f inding of  a series o f  similar funct ional  s h i f t s  i n  oxygen s t a rva t ion  
of t h e  organism and i n  hypercapnia has convinced many authors  t h a t  t h e s e  two 
pathological  states are synonymous and t h a t  hypercapnia r ep resen t s  merely a 
spec ia l  case o f  oq/gen s t a r v a t i o n  (P.M.Alfbitskiy e t  al. ). 

I n  t h i s  paper an  attempt i s  made t o  analyze, under comparable conditions,  
t h e  e f f e c t s  of var ious degrees of hypoxia (1- 14% O2 i n  t h e  in sp i r ed  a i r )  and 
hypercapnia ( 5  - 30;z C 0 2 )  on t h e  funct ional  state of t he  c e n t r a l  nervous system 
o f  r abb i t s ,  white rats, and white mice. 

TL:e experiments showed t h a t ,  even on inha la t ion  of subnarcotic concentra
t i o r s  of C 0 2  (10- 20%) compatible with prolon.qed maintenance o f  v i t a l  functions,  
ir! t h e  absence o f  any substant ia l  functional d i so rde r s  and a t  normal oxyhemo
globin l e v e l s  o f  t h e  blood, t h e  animals showed a marked weakening and p r a c t i c a l 
l:r complete disappearance o f  t h e  e l e c t r i c ,a c t i v i t y  of t h e  brain.  

This e f f e c t  extended riot only t o  t h e  spontaneous a c t i v i t y  o.f var ious 
reqLons of th.e b r a i n  b u t  also to  t h e  "induced" p o t e n t i a l s  ( l o c a l  convlllsive 
discharges,  thalamocortical  TTinvolvenentrhythm1r) as w e l l  as t o  t h e  spontaneous 
arld electroconvulsive discharges i n  a region of t h e  cortex completely i s o l a t e d  
from all rervous comect ions.  

In con t r a s t ,  a decresrse i n  t h e  oqJgen content of  t h e  a i r  t o  10% caused /23C 
no ma,ior chnnqes i n  the  EEX;; however, when t h i s  dropped t o  5 - 7%, t h e  high-
amplitude slow waves began t o  dominate. Only i n  extreme hmoxia ( k  - 5% O,), 
causing a decrease i n  blood Hb by 5077 and more and accompanied by severe d i s 
turbance o f  hemod:mamics, d i so rde r s  i n  r e s p i r a t i o n ,  and rapid death,  d id  a de
pression and fading o f  t h e  EEG occur. Judging from t h e  EM; d a t a ,  t h e  s e n s i t i v i 
tg  of t h e  c e n t r a l  nervous s y s t e m  t o  threshold v a r i a t i o n s  i n  t h e  C 0 2  t ens ion  i s  
considerably higher than i t s  s e n s i t i v i t y  t o  hypoxia. A t  t h e  same time, t h e  
resistar.ce of t h e  C I S  t o  t h e  detr imental  e f f e c t  of extreme hypoxia i s  very much 
lower than t h a t  t o  hypercapnia. 

A considerable d i f f e r e n c e  i n  t h e  a c t i o n  of t h e s e  two pathogenic f a c t o r s  was  
a lso observed with respect  t o  t h e  energy i n d i c e s  of t h e  b r a i n  tissue. While in
ha la t ion  of  5 and 7% 0, caused a considerable d e c l i n e  i n  t h e  macroergic phos
phate (ATP and CP) i n  t h e  rat, b ra in ,  and a sharp r ise i n  l ac t ic  acid and in
organic phosphorus, t h e  i n h a l a t i o n  o f  20 and 30% C 0 2  caused no change i n  ATP, 
CP or PIP, while t h e  l a c t i c  acid level  decl ined considerably. An add i t ion  o f  5% 
C 0 2  t o  hypoxic mixtures normalized t h e  s h i f t s  o f  t h e  organophosphorus meta
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bolism. 

These data  indicate  a fundamental difference between the  mechanisms of the  
depression of the  cent ra l  nervous system i n  hypoxia and hypercapnia. 

Several possible mechanisms of these changes a re  discussed i n  the  paper. 
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THE EFFEZT OF PRELIMINARY ATHLFTIC TRAINING ON /231
ACCLIMATIZATION I N  MOUNTAINS 

Y e .  N.Salatsinskaya 
( I n s t i t u t e  of  Physiology imeni I .P.Pavlov) 

According t o  t h e  doc t r ine  of  1.M.Sechenov and I.P.Pavlov, t h e  study of t he  
i n t a c t  organism should be performed i n  inseparable  connection with t h e  environ
ment. Consequently, s t u d i e s  on alpinism are b e s t  performed d i r e c t l y  i n  t h e  
mountains, i n  a lp ine  huts ,  on climbs, and i n  expeditions. 

The b a s i c  f ac to r ,  of continuous ac t ion  under these  conditions,  i s  t h e  de
creased p a r t i a l  oxygen pressure  which a f f e c t s  a number of  physiological  processes 
and may lead  t o  disorders .  A th le t i c  t r a i n i n g  and adaptat ion t o  high-mountain 
climate i s  of grea t  importance i n  developing r e s i s t ance  t o  oxygen w a n t .  Unt i l  
now, no extensive s tud ie s  have been made on a l p i n i s t s ,  comparable t o  those made 
on a t h l e t e s  of var ious backgrounds and q u a l i f i c a t i o n  during t r a i n i n g  and competi
t ions.  

On t h i s  bas i s ,  we posed t h e  problem of attempting - by studying t h e  pr inc i 
pa l  physiological  ind ices  and t h e  app l i ca t ion  of c e r t a i n  t e s t s  - t o  v e r i f y  the  
e f f e c t  of preliminary phys ica l  t r a i n i n g  on t h e  acc l imat iza t ion  during high-
mountain climbs. 

Our experimental material covers 1032 t e s t s  on 17L subjec ts ,  conducted in 
t h e  m e r  a t  t h e  llTalgartl mountaineering camp in t h e  Tien-Shan mountains a t  
e leva t ions  of 2650 m above sea  l e v e l  and i n  t h e  llDonbayll hut i n  t h e  Caucasus /232 
mountains a t  an e leva t ion  of  1650 m. Most of t h e  a l p i n i s t s  stayed i n  t h e  camp 
f o r  20 days, making per iodic  climbs t o  a l t i t u d e s  of LOO0 - 5000 m above sea l e v e l  
which corresponded t o  a c t i v e  accl imat izat ion.  

The following methods were used: I n  one s e r i e s ,  we s tudied t h e  degree of 
omjgen sa tu ra t ion  of the  blood on t h e  oxyhemometer a t  maximum brea th  r e t en t ion  
( a t  normal i n s p i r a t i o n )  t o  standard load, during t h e  r e t en t ion  and a f t e r  i t s  
completion. A t  t h e  end of  t h e  breath-holding per iod,  cyanosis of t h e  mucous 
membranes and epidermis usua l ly  occurred, occasional ly  accompanied by tremor. 
These s t u d i e s  w e r e  made on two groups of subjec ts :  50 t ra ined  sub jec t s  and 26 
sub jec t s  untrained t o  phys ica l  s t r e s s .  I n  some of t hese  subjec ts ,  t h e  hemo
globin l e v e l  of t h e  blood w a s  a l s o  measured by t h e  Sa la  method a t  t h e  beginning 
and end of t h e  s t ay  a t  t h e  camp. 

I n  another  series, we determined t h e  r e s i s t ance  t o  hy-poxia, when brea th ing  
i n t o  a Krog r e sp i r a to r ,  f i l l e d  w i t h  air. The degree of r e s i s t ance  w a s  defined 
as t h e  maximum period of  brea th ing  i n t o  this device before  signs of  oxygen w a n t  
set in;  cyanosis o r  tremor, change i n  handwriting. During t h e  hypoxic tes t ,  
both frequency and amplitude of  r e s p i r a t i o n  were  recorded, t h e  pulse  was taken 
every minute, and t h e  handwriting was checked. I n  a l l ,  60 sub jec t s  w e r e  studied 
by this method, 1,3 t r a ined  sub jec t s  and 17 untrained sub jec t s  ( con t ro l  group). 



I n  a t h i r d  s e r i e s ,  we determined t h e  r e s i s t a n c e  t o  hypoxia by t h e  same 
method, w i t h  simultaneous oxyhemography. We a l s o  measured t h e  blood hemoglobin 
l e v e l  i n  these  subjects .  The s tud ie s  were performed a t  the  beginning of t h e  
s tay  a t  t h e  camp, before  an ascent ,  after it, and a t  the  end of  t h e  stag a t  t h e  
camp. The group comprised 38 subjec ts  with previous a t h l e t i c  t r a i n i n g ,  of /233
whom 21 were adapted t o  t h e  high-mountain cl imate ,  while t h e  o t h e r s  were not. 
All data  of  t h e  s tud ie s  were worked up s t a t i s t i c a l l y  by t h e  Wilkinson and 
Stuart-Fisher methods. 

A s  a r e s u l t  of our  i nves t iga t ions  based on t h e  above methods, we drew t h e  
following conclusions: 

1. The compensatory r eac t ions  of t h e  organism developed during physical  
t r a in ing  resemble, i n  t h e i r  na ture ,  t h e  adapt ive reorganizat ion under t h e  e f f e c t  
of hypoxia. They also c o n s t i t u t e  t he  b a s i s  o f  t he  more rapid process of adapta
t i o n  t o  a l t i t u d e  i n  persons with a t h l e t i c  t r a in ing .  

2. A th le t i c  t r a i n i n g  i n  t h e  lowland, i n  add i t ion  t o  o the r  physical  qual i 
t i e s ,  developed g rea t e r  endurance permit t ing more ready adapta t ion  t o  hypoxic 
conditions and more rapid acc l imat iza t ion  t o  high mountains. 

3. Trained a t h l e t e s  (var ious  types of a t h l e t i c s )  a r e  more capable t o  with
stand the  physical  exer t ion  involved i n  mountain climbing. 

L. Untrained subjec ts ,  without previous physical  p repara t ion ,  a r e  subject  
t o  excessive s t r e s s e s  when s tay ing  i n  high-mountain regions. 

5. I n  untrained subjec ts ,  who do not  p r a c t i c e  spo r t s  and have no physical  
preparat ion before  en ter ing  t h e  mountains, t h e  g rea t e r  phys ica l  stress produced 
by alpinism (even i n  t h e  case of a c t i v e  acc l imat iza t ion)  l e a d s  t o  impairment o f  
the  physiological  functions.  

6. Fatigue due t o  physical  s t r e s s  during approach and ascent  decreases  t h e  
res i s tance  of t h e  organism t o  hypoxic e f f e c t s ;  t h i s  must be taken i n t o  account 
in planning the  time schedule of  ascents  and o t h e r  t-ypes of muscular a c t i v i t y  /23L 
i n  high-mountain areas .  

7. Subjects  without adequate physical  p repara t ion  should not  be allowed t o  
p a r t i c i p a t e  i n  a lpinism o r  o the r  forms of  phys ica l  exer t ion  under high-mountain 
conditions (geologis t s ,  geographers, topographers, geodesis ts ,  spe leo logis t s ,  
border guards, and t h e  l i k e ) .  

8. Alpin is t s ,  during t h e  preparatory per iod of t r a in ing ,  must p r a c t i c e  
forms of a t h l e t i c s  involving prolonged exerc ise  of moderate o r  high in t ens i ty .  
Skiing i n  winter  and cross-country runs i n  spr ing  a r e  t h e  b e s t  examples of such 
Torms. 

9. Good physical  t r a in ing ,  with simultaneous acc l imat iza t ion  t o  high moun
t a i n s ,  l e a d s  t o  maximum physical  and hypoxic endurance, which map be use fu l  f o r  
m r e  e f f e c t i v e  t r a i n i n g  of top-notch a t h l e t e s .  



DYKMCS OF ZONAL VARIATION OF OXYGEXT TENSION I N  THE /235
MYOCARDIUM I N  LOCAL ISCHEMIA 

N .V .S m otskaya 
( I n s t i t u t e  of  Normal and Pathological  Physiology, USSR Academy 

of Medical Sciences, Moscow) 

In  acute  and chronic dog experiments, t h e  v a r i a t i o n s  i n  oxygen tens ion  i n  
t h e  myocardial t i s s u e ,  w i t h  l i g a t u r e  of t h e  coronary a r t e r y ,  were s tudied polaro
graphical ly .  The oxygen tension was synchronously inves t iga ted  i n  th ree  zones 
of t he  myocardium, t h e  ischemic zone, t h e  d i r e c t l y  adjoining zone, and a zone 
d i s t a l  from the  ischemic focus. 

After  l i g a t u r e  of  t he  coronary a r t e r y ,  t he re  was a sharp drop i n  oxygen 
tension,  not only i n  the  zone supplied by t h e  l i g a t e d  a r t e r y  bu t  a l s o  i n  t h e  
ad<jacent regions of t h e  myocardium. In  t h e  acute  experiments, during t h e  next 
2 - L h r s  a f t e r  l i g a t u r e ,  t he  oxygen tension did not recover i n  these  zones. 
In  some of the  dogs s tudied without narcos is ,  t he  oxygen tension i n  the  boundary 
zone was completely o r  p a r t i a l l y  res tored during the  f i r s t  hour a f t e r  l i g a t u r e .  

The reac t ion  i n  a region of t h e  myocardium d i s t a l  from t h e  ischemic focus,  
d i r e c t l y  a f t e r  l i g a t u r e ,  was less uniform i n  t h e  acute  experiments: I n  some of 
t h e  experiments, t h e  oxygen tension i n  t h e  myocardial t i s s u e s  remained unchanged, 
i n  o the r s  it increased somewhat, and i n  s t i l l  o the r s  it decreased somewhat. /236
The unanesthetized dogs showed an increase  in oxygen tension i n  t h e  myocardial 
zone d i s t a l  from t h e  ischemic focus a f t e r  l i g a t u r e ,  i n  more than half  of t h e  ex
periments. 

Before l i g a t u r e ,  t he  inha la t ion  of oxygen always increased t h e  oxygen ten
s ion  i n  the  myocardium. Af te r  l i g a t u r e ,  t h e  reac t ion  t o  oxygen inha la t ion  
var ied i n  the  zones o f  t h e  myocardium: I n  t h e  ischemic region, t he re  w a s  no re
ac t ion  i n  m o s t  cases f o r  severa l  hours a f t e r  l i g a t u r e ,  i nd ica t ing  complete d i s 
connection of t h e  blood supply t o  t h i s  region. I n  t h e  region of t h e  myocardium 
adjoining the  ischemic focus,  oxygen inha la t ion  always induced a c e r t a i n  in
crease i n  oqygen tension,  bu t  t h i s  reac t ion  w a s  considerably less pronounced 
than t h a t  before  l i ga tu re .  

The j u s t i f i c a t i o n  of using the  degree of change i n  owgen tension on oxygen 
inha la t ion  (Itoxygen t e s t " )  f o r  an i n d i r e c t  es t imate  as t o  t h e  presence o r  ab
sence of  blood supply t o  t h e  t i s s u e s  was  confirmed by spec ia l  experiments i n  
which t h e  blood supply t o  t h e  t i s s u e  was varied a t  will by t h e  experimenter, by 
t h e  a i d  of a perfusion pump, keeping it constant over a predetermined period. 
The increase  i n  oxygen tension i n  t h e  t i s s u e s  after oxygen breathing,  i n  these  
experiments, was p a r a l l e l  t o  t h e  v a r i a t i o n  i n  blood flow: It. increased with 
increas ing  de l ive ry  of  t h e  pump and decreased with decreasing de l ivery ;  t h e  re
ac t ion  t o  oxygen inha la t ion  disappeared completely when t h e  pump was shut  o f f ,  
proving complete i n t e r r u p t i o n  of  t h e  blood flow. m 

To c l a r i f y  t h e  ques t ion  of r e s t o r a t i o n  of c i r c u l a t i o n  i n  t h e  ischemic a rea  
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of  t h e  myocardium, chronic experiments were performed on dogs, with platinum 
e lec t rodes  in se r t ed  i n  t h e  myocardium. 

A s  under t h e  condi t ions of t h e  acute  experiment, f o r  t h e  first 5 - 6 h r s  
a f t e r  t h e  l i g a t u r e  of even a small branch of t h e  coronary a r t e r y ,  t he re  were  no 
reac t ions  a t  a l l  t o  oxygen inha la t ion  in t h e  ischemic zone; t h e  reac t ion  i n  t h e  
adjacent  zone was considerably lower than i t s  o r i g i n a l  l eve l .  This i n d i c a t e s  
complete stoppage of  t h e  blood supply t o  t h e  ischemic zone and r e s t r i c t e d  blood 
supply t o  t h e  ad<jacentzone. However, a l ready  on t h e  day a f t e r  l i g a t u r e  of  a 
branch of t h e  coronary artery, a s l i g h t  increase  in oxygen tension a f t e r  oxygen 
inha la t ion  appeared i n  t h e  ischemic zone. With increas ing  t i m e  a f t e r  l i g a t u r e  
of a branch of t h e  coronary a r t e r y ,  t h e  reac t ion  t o  oxygen inha la t ion  increased 
i n  both the  ischemic and adjacent  zones and exceeded t h e  i n i t i a l  reac t ion  
5 - 6 days a f t e r  t h e  l i g a t u r e .  This i n d i c a t e s  a gradual r e s to ra t ion  of t h e  
blood supply t o  these  zones. 

The inves t iga t ions  y i e l d  da t a  on t h e  recovery time f o r  blood supply t o  the  
ischemic and adjacent  regions of t h e  myocardium. It i s  shown t h a t ,  during t h e  
f i r s t  f e w  days after t h e  appearance of an ischemic focus i n  the  myocardium, t h e  
ischemic and adjacent  zones of t h e  myocardium a r e  again supplied w i t h  oxygen. 
T h i s  may be considered t h e  result of a gradual increase  i n  t h e  retrograde blood 
flow, owing t o  t h e  opening of previously non-functioning c o l l a t e r a l  channels. 



CONTRIBUTION TO AN ANALYSIS OF THE ROLE OF THE ERYTHRON I N  THE /238
REGULATIOhT OF THE OXYGEN REEIME OF THE ORGANISM 

Yu.V.Semenov 
(A.A .Bogomol*ts I n s t i t u t e  of Physiology, UkrSSR Academy 

of  Sciences, Kiev) 

The oxygen regime of t h e  organism i s  expressed by a series of i n t e r r e l a t e d  
parameters of t h e  p a r t i a l  pressure and amount of oxygen, measured over i t s  
t ranspor t  path from t h e  lungs t o  t h e  t i s s u e s  (N.V.Lauer, A.Z .Kolchinskaya). 
These parameters permit an evaluat ion of  t h e  general  conditions f o r  t h e  progress 
of t he  omjgen exchange i n  the  organism. To a c e r t a i n  ex ten t  they a l s o  give an 
idea  on t h e  func t iona l  i n t e r r e l a t i o n  of t h e  oxygen t r anspor t  systems, which in
clude ex terna l  r e sp i r a t ion ,  t h e  erythron, and blood c i rcu la t ion .  These systems 
regula te  t h e  oxygen regime i n  accordance with t h e  demand of t h e  t i s s u e s  and t h e  
supply of oxygen t o  the  t i s sues .  

We used the  term tlerythrontt as a synonym of t h e  concept t t e r j t h rocy t i c  
system" in the  func t iona l  sense assigned t o  it by G.F.Lang (1939), D.N.Yanovskiy
(1957), A.I.Vorobryev, and 1.I .Gitelrzon (1959). The primary r o l e  o f  t h e  
e ry throcyt ic  mass of t h e  blood i s  t o  t r anspor t  oxygen from t h e  lungs t o  t h e  
t i s sues .  The erythron may a f f e c t  t h i s  process by regula t ing  t h e  oxygen-binding 
function of t h e  blood. T h i s  funct ion i s  determined by t h e  oxygen-binding a c t i v i 
t y  of the  erythrocytes  and by t h e i r  absolute  number i n  t h e  blood stream. The 
absolute  oxygen capaci ty  i s  t h e  ove ra l l  index of  t h e  state of t h e  oxygen-binding 
function o f  the  blood. It i s  defined as the  maximum amount of oxygen t h a t  can 
be contained i n  t h e  e n t i r e  volume of c i r cu la t ing  blood a t  100% oxygen satura
t ion .  

The r e l a t i v e  oxygen capacity,  expressed i n  vol.%, i s  a l e s s  accurate  1232 
index of this funct ion,  due t o  t h e  f a c t  t h a t  t h i s  r e l a t i v e  oxygen capaci ty  i s  an 
index of t h e  oxygen concentration i n  t h e  blood ( a t  100%sa tu ra t ion ) ,  Therefore 
t h i s  index depends not  only on t h e  t r u e  va r i a t ion  of t h e  erythrocyte  count bu t  
a l s o  on t h e  r e l a t i v e  e ry throcytos is  associated w i t h  thickening of t h e  blood 
(hemoconcentration). However, t h e  i n t e n s i t y  of t h e  oxygen-binding funct ion of 
t he  blood v a r i e s  only with the  t r u e  s h i f t  i n  t h e  number of erythrocytes.  Natu
r a l l y ,  one m u s t  a l s o  take  account of  t h e i r  q u a l i t a t i v e  composition i n  t h i s  re
spect. 

Under t h e  condi t ions of normal l i f e ,  t h e  absolu te  oxygen capaci ty  of  t h e  
blood i s  r e l a t i v e l y  constant. T h i s  i s  ensured mainly by regula t ion  of t h e  
erythrocyte  balance. On dis turbance of  t h e  condi t ions of gas exchange, t h e  
erythrocyte  l e v e l  of  t h e  blood m y  vary. When this occurs,  e ry throcytos is  may 
rap id ly  develop, due t o  t h e  reflex r e d i s t r i b u t i v e  r eac t ions  of t h e  deposit-flow 
type. The slow and gradual v a r i a t i o n  of t h e  number of  erythrocytes  i n  t h e  blood 
i s  produced by a highly complex neurohumoral cont ro l  of t h e  a c t i v i t y  of erythro
p o i e s i s  and ery thro lys i s .  

The adapt ive changes i n  t h e  r e sp i r a to ry  surface of t h e  blood belong t o  t h e  
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systemic regula t ion  of  i t s  oqgen-binding function. Other exceedingly important 
regulatory mechanisms of t h i s  funct ion a c t  a t  t h e  c e l l u l a r  and molecular l eve l s ,  
They modify t h e  func t iona l  state of t h e  e ry throcytes  and of t h e  hemoglobin. /2Lo
These mechanisms help i n  r egu la t ing  t h e  processes  of uptake and de l ive ry  of 
oxygen by t h e  erythrocytes .  The mult iple  regula t ions  of t h e  oxygen-binding 
function of t h e  blood, a t  a l l  th ree  l e v e l s  of organizat ion of t he  erythron 
(systemic, c e l l u l a r ,  and molecular),  ensure high func t iona l  r e l i a b i l i t y  of  t h e  
e ry throcyt ic  s y s t e m .  

The regula t ion  of t h e  oxygen regime of t h e  organism by t h e  funct ional  ac
t i v i t y  of t h e  erythron can be represented as follows: A decrease i n  t h e  pC2 of 
t h e  insp i red  a i r ,  o r  an increase  of t h e  t i s s u e  demand f o r  oxygen under g r e a t  
physical  s t r e s s ,  Will reduce t h e  p a r t i a l  oxygen pressure  in t h e  blood and lower 
i t s  l e v e l  there .  T h i s  m y  t r i g g e r  t h e  physiological  mechanisms t h a t  increase 
t h e  oqygen capaci ty  of  t h e  blood. T h i s  i s  accompanied by an increase  i n  t h e  
oxygen content of t h e  blood. The pC02 increases  and t h e  p02 decreases  i n  t h e  
blood o f  t h e  tissue c a p i l l a r i e s ,  weakening t h e  bond between hemoglobin and 
oxygen. Such func t iona l  reorganizat ions e s t a b l i s h  condi t ions under which t h e  
flow of oxygen from t h e  e ry throcytes  i n t o  t h e  cytoplasm increases  at t h e  in
s t a n t  a t  which t h e  blood moves i n t o  t h e  t i s s u e  c a p i l l a r i e s .  The sharpness o f  
t h e  drop i n  t h e  p02 gradient  between blood and tissues decreases,  and t h e  condi
t i o n s  of d i f fus ion  of o q g e n  from t h e  c a p i l l a r i e s  i n t o  t h e  t i s s u e s  improve. 

The a b i l j t y  of t h e  erythron t o  cont ro l  t h e  oxygen capaci ty  o f  t h e  blood i s  
responsible f o r  i t s  s p e c i f i c  r o l e  i n  t h e  general  regula t ion  of t he  oqyqen regime 
of t h e  organism. However, t h e  r o l e  of t h e  erythron i n  t h e  regulat ion of t h e  
o q g e n  regime of t h e  organism must no t  be regarded i n  i t s  purely hematological 
aspec ts  alone. An ana lys i s  of t h e  funct ional  c a p a b i l i t i e s  of t h e  streaming 
blood i s  also indispensable.  

Such an approach permits an estimate of t he  r e s u l t  of t h e  func t iona l  u n i t  
of erythron and blood c i r cu la t ion .  I n  t h i s  case, we can speak not only of (2111 
t h e  oqgen-binding but  a l s o  of t h e  oxygen-transporting funct ion of t h e  blood. 
The ind ices  o f  t h e  oxygen-transporting function of t h e  blood a r e  the  m a x i m u m  
poss ib le  oxygen supply and t h e  a c t u a l  oxygen supply of a given minute volume of 
t h e  streaming blood (MV). 

The o q g e n  supply of t h e  MV i s  determined by i t s  oxygen capacity. 
Such an index may be termed t h e  oxygen-transport p o t e n t i a l  of  t h e  blood. The 
degree t o  which t h i s  p o t e n t i a l  i s  r ea l i zed  depends on t h e  oxygenation of t h e  
blood i n  t h e  pulmonary c a p i l l a r i e s ,  i .e. ,  on the  degree of adaptat ion of t h e  
ex terna l  r e sp i r a t ion  t o  t h e  e x i s t i n g  conditions of gas exchange. 

The va r i a t ion  i n  the  regula t ion  of t h e  oxygen regime a s  a whole requi res  
consideration of t h e  co r re l a t ions  between t h e  ind ices  of t h e  func t iona l  a c t i v i t y  
of t h e  oqygen t r anspor t  system of t h e  organism. A c l a r i f i c a t i o n  of t h e  regula
t o r y  processes involved i n  t h e  optimum d i s t r i b u t i o n  of  t he  funct ional  load be
tween these  systems i s  of extreme i n t e r e s t .  

Such an approach t o  t h e  study of t h e  processes  of  oxygen supply of t he  
t i s s u e s ,  however, i s  not as widespread as it should be. Today, fragmentary 
s tud ie s  of t h e  func t iona l  s h i f t s  i n  t h e  ind iv idua l  oxygen t r anspor t  systems a r e  
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t h e  dominant type. This i s  p a r t i c u l a r l y  t r u e  i n  hematological work, The reve
l a t i o n  o f  t h e  func t iona l  u n i t  formed by t h e  erythron with t h e  blood c i r c u l a t i o n  
and t h e  external r e s p i r a t o r y  apparatus  will probably broaden our views on t h e  
physiology of t h e  blood system i t s e l f .  

There i s  no doubt as  t o  t h e  usefulness  o f  s t u d i e s  on t h e  combined a c t i o n  
of t h e  multifaceted process  o f  adaptat ion t o  unfavorable conditions of gas ex
change. Such an approach may a l s o  be valuable i n  t h e  study o f  t h e  funct ional  
development of t h e  physiological systems during evolution of t h e  ind iv idua l  /2L2 
organism. For example, a study o f  t h e  s ta te  o f  t h e  onjgen-binding funct ion of 
t h e  blood i n  2 week o ld  puppies demonstrated t h a t  t h e  mean oxygen capaci ty  of 
t h e i r  blood w a s  considerably lower than i n  a d u l t  dogs. These values  were 16.~. 
and 22.95 vel.%, respect ively (determination i n  col laborat ion with M.M.Sere
denko). 

This i s  explained by t h e  f a c t  t h a t ,  soon a f t e r  b i r t h ,  t h e  erythrocyte  count 
o f  puppies begins t o  drop sharply. A t  two weeks o f  age, t h e  e q t h r o c y t i c  equi
l ibr ium i s  maintained a t  a lower l e v e l  (3700 +- L70 thousand/mm’ ) than i n  a d u l t  
dogs (6656 L 637 thousand/mm3). However, because of t h e  f a s t e r  blood flow a t  
t h i s  age, t h e  oxygen-transport funct ion of t h e  blood i s  r a t h e r  high i n  puppies, 
a5 indicated by t h e  following data.  

We found t h a t  t h e  nwnber of erythrocytes  c i r c u l a t i n g  p e r  minute i n  t h e  
blood stream of these  puppies i s  on t h e  average 777 X 10 p e r  kg of body weight, 
while i n  a d d t  dogs it i s  6L? X 1 8  p e r  kg of body weight. We a l s o  found t h a t  
t h e  oqgen-binding a c t i v i t y  of t h e  erythrocytes  w a s  higher i n  t h e s e  puppies than 
i n  adu l t  dogs. The mean oxygen capaci ty  of one b i l l i o n  er;ythroc$es i s  0.0lJ 
and C. 637 m t  O a r  respect ively.  

Thus, d e s p i t e  t h e  low erythrocyLe count, t he  oxygen-transport p o t e n t i a l  of 
t h e  blood (maximum oTrgen supp1:r i n  MV) i n  2 week o ld  puppies i s  higher  than i n  
grown dogs. I n  terms o f  body weiqht, t hese  p o t e n t i a l s  are 31.F and 23.9 m L  /20 
02/kg, respectivel-.. The phenomenon of a decrease i n  t h e  r e s p i r a t o r y  surface 
o f  t h e  blood soon a f t e r  b i r t h ,  i n  human beings and most m a m m a l s ,  has been w e l l  
e s tablished. 

However, t h e  f a c t  o f  t h e  decrease i n  t h e  number o f  erythrocytes  a f te r  
b i r t h ,  and t h e  cause f o r  t h e  prolonged maintenance o f  erythrocyte  equi l ibr ium 
i n  t h e  blood of t h e  growing organism a t  a lower l e v e l  than i n  t h e  a d u l t s ,  have 
never found a general ly  recognized explanation. This quest ion may perhaps be 
solved by a study o f  t h e  func t iona l  i n t e r r e l a t i o n s  between t h e  erythron and t h e  
o t h e r  systems. 

I n  this respect ,  t h e  following approach t o  t h e  quest ion may be suggested. 
The increased func t iona l  a c t i v i t y  o f  t h e  blood c i r c u l a t i o n  during t h e  develop
ment of t h e  organism i s  phys io logica l ly  normal. This  i s  obviously necessary f o r  
s a t i s f a c t i o n  of  t h e  increased demand of t h e  t i s s u e s  o f  t h e  growing organism f o r  
body-building ar.d energy-building substances. With such an ene rge t i c  c i rcula
t i o n ,  t h e  C,-transport funct ion o f  t h e  blood i s  r a t h e r  high so t h a t  t h e  organism 
can g e t  along with a smaller number o f  erythrocytes.  A s  a result, t h e  function 
of t h e  e r y t h r o b l a s t i c  system of  t h e  bone marrow becomes more economical. 
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There seems no j u s t i f i c a t i o n  f o r  t he  assumption t h a t  t he  decreased erythro
cyte l e v e l  during t h i s  period o f  development i s  due t o  a func t iona l  i n s u f f i c i 
ency of erythropoiesis .  No s u f f i c i e n t  proofs  f o r  such an idea exist. The pos
s i b i l i t y  of a synthe t ic  approach t o  t h e  study of t h e  erythrocyte  shifts i n  
acute  hypoxia can be  demonstrated on t h e  following example: I n  a-most a l l  our  
experimental dogs (15 out  of 17), we found t h a t  t h e  eqhhrocy te  count increased 
i n  acute  hypoxia. However, a t r u e  increase i n  t h e  r e sp i r a to ry  surface of /2LL
t he  blood was noted only i n  nine ou t  of  15 animals. I n  t h e  remaining six dogs, 
only t h e  erythrocyte  concentration i n  t h e  blood var ied,  due t o  hemoconcentra
t i o n  ( the  plasma volume w a s  determined by d i l u t i o n  with t h e  dye T-182L). A s  a 
r e s u l t ,  t h e  t o t a l  r e sp i r a to ry  surface of t h e  blood of t hese  animals remained un
changed, so t h a t  t h e r e  a l s o  was p r a c t i c a l l y  no change i n  t h e  oxygen-binding 
function of t he  blood (Yu,V.Semenov, 1965).  

However, i f  t h e  f a c t o r  of  motion o f  t h e  blood i s  taken i n t o  account, it 
will become c l e a r  t h a t  i n  connection with t h e  hemoconcentration, each equivalent 
s y s t o l i c  volume of blood will have a l a r g e r  oxygen supply, s ince  it will have 
more erythrocytes.  The oxygen-transport funct ion of  t h e  blood w i l l  increase ,  
Naturally,  it must be taken i n t o  account t h a t ,  i f  t h e  volume of t h e  c i r c u l a t i n g  
blood decreases  (because of t he  plasma), an addi t iona l  amount of  energy w i l l  
have t o  be expended on in t ens i fy ing  t h e  c o n t r a c t i l e  funct ion of t he  myocardium 
t o  maintain t h e  same cardiac output. 

Thus, t he  ana lys i s  of the  func t iona l  s t a t e  of t h e  blood i n  i t s  s t a t i c s  and 
dynamics revea ls  t h e  u n i t y  of  t h e  var ious aspec ts  of i t s  p a r t i c i p a t i o n  i n  t h e  
regulat ion of t h e  oxygen regime of  t he  organism. 
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/265
CHANGES I N  RESPIRATION, ARTEXIAL PRESSURE, AND 
POLAROGRAPHIC INDICES I N  HYPOXFMIA INDUCED BY 

Y a W I I C A L  AND CHEMICAL ACTION ON THE BRAIN 

M.V.Sergiyevskiy, V.Ye.Somkina, G.I.Zhitlov, and 

V .I .Bogatyreva 


Kuybyshev 


T h i s  paper gives the  r e s u l t s  of t h ree  s e r i e s  of experiments. I n  t h e  f irst  
s e r i e s ,  t he  r e l a t i v e  s e n s i t i v i t y  of t h e  resp i ra tory  and vasomotor centers  t o  
increased i n t r a c r a n i a l  pressure,  on perfusion of t he  v e n t r i c l e s  of t h e  brain,  
subdurally and i n  the  sp ina l  cord, w a s  studied on 50 c a t s  under urethane narco
sis (1gm/kg). The followingThe pressure was var ied  f r o m  zero t o  315 cm H20, 
p a t t e r n s  were found: 

increased pressure i n  t h e  l i q u i d  perfused through t h e  v e n t r i c l e s  of the  
bra in ,  or i n t o  the  sp ina l  cord, by 1 5  - 20 cm H20 does not  change the  respira
t i o n ;  i n  r a re  cases it increases  the  a r t e r i a l  pressure. The same increase i n  
the  pressure between the  dura mater and the p i a  mater increases  the  a r t e r i a l  
pressure but does not change the  resp i ra t ion .  

R e s l a r  reac t ions  of t he  a r t e r i a l  pressure begin t o  be observed a t  pressure 
increases  of 25 - 30 cm H20 i n  the  v e n t r i c l e s  of t h e  bra in ,  i n  the  spinal  cord, 
and beneath the  dura. Respiratory react ions,  however, are regular ly  observed 
only a t  a g r e a t e r  pressure rise (by 35 - lLO cm HzO).  

It follows t h a t  t h e  vasomotor center  i s  more sens i t i ve  than t h e  resp i ra tory  
center  t o  d i r e c t  mechanical st imulation. 

A t  g r ea t e r  increases  i n  pressure,  the  character  of t h e  resp i ra tory  re
ac t ions  depends l a r g e l y  on the  a b i l i t y  o f  the  in t ravascular  pressure t o  overcome 

/2L6 

t he  increasing ex terna l  pressure on the  bloodvessels of t h e  b r a i n  ( i n t o  the  
c a v i t i e s  of t he  ven t r i c l e s ,  sp ina l  cord, and subdural space) a t  low a r t e r i a l  
pressure,  i . e . ,  when there  i s  no compensation for t h e  increased ex terna l  pres
sure,  or when such compensation i s  inadequate, r e s p i r a t i o n  may become pathologi
c a l  or stop en t i r e ly ,  even a t  t h e  r e l a t i v e l y  low excess pressure on the  b r a i n  
of 105 cm H,O; conversely, a t  pronounced funct ional  mobil i ty  of  t h e  cardiovascu
l a r  s j s t e m ,  r e s p i r a t i o n  may be maintained even a t  a pressure of 315 cm H20 on 
the  b r a i n  o r  more. 

I n  t h e  second se r i e s ,  we  performed 22 experiments on dogs (narcosis  was  
obtained w i t h  1n 4  of a 10% sodium diapenta l  so lu t ion  for 3 kg of  body weight). 
I n  each experiment, 2 - 7 observat ions were made. A device f o r  compressing the  
medulla oblongata w a s  introduced through a trephined opening between t h e  base 
of t h e  skull and t h e  medulla oblongata. The results, except f o r  minor d i f f e r 
ences, more or less confirmed t h e  d a t a  of t h e  first ser ies .  The q u a l i t i e s  of 
t h e  cardiovascular reac t ion  were t h e  same. I n  the  g rea t  majority of  t h e  cases, 
i n  response t o  the  increased pressure on t h e  brain,  t he  cardiac r a t e  was re
duced, a t  a b e e f  drop i n  ar ter ia l  pressure ( l i k e  t h a t  t ak ing  place on increas
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ing t h e  pressure i n  t h e  i s o l a t e d  ca ro t id  s inus) .  Thus, i n  r e f l e x  ac t ion  
through t h e  vascular  pressure receptors  as well  as with increased pressure on 
the  bra in ,  a reac t ion  of t h e  same type occurs i n i t i a l l y ,  namely, a drop i n  ar
t e r i a l  pressure.  Later ,  t h e  increas ing  pressure on t h e  medulla oblongata /21,7 
causes an increase  i n  a r t e r i a l  pressure,  t o  an ex ten t  depending on t h e  func
t i o n a l  mobil i ty  of t h e  cardiovascular  system and on t h e  degree of pressure on 
the  brain.  If t h e  animal does not  d i e  a f t e r  t h e  increased pressure  on t h e  
b r a i n  has stopped, t h e  a r t e r i a l  pressure remains high f o r  2 m i n  o r  longer,  a f t e r  
which it gradually,  l i k e  t h e  hea r t  r a t e ,  r e tu rns  t o  i t s  o r i g i n a l  l eve l .  General
l y ,  r e sp i r z t ion  i s  f irst  accelerated b u t  then retarded and deepened ( i n  t h e  
manifestat ions i n  ca t s ,  i n sp i r a to ry ,  and i n  dogs exp i r a to ry )  with apnea of var i 
ous pathological  types  and i r r e v e r s i b l e  r e s p i r a t o r y  arrest. After  i n t e r rup t ion  
of t he  anemia, f reqvent ,  rapid,  and shallow r e s p i r a t i o n  general ly  s e t s  in .  I f  
r e sp i r a t ion  i s  present ,  normal r e s p i r a t i o n  w i l l  be res tored  already during t h e  
f i r s t  minute. However, i f  t he re  was no r e s p i r a t i o n  before  e l iminat ion of anemia, 
stoppage of t h e  anemia i s  usua l ly  followed by an i n i t i a l  drop i n  a r t e r i a l  pres
sure  and a subsequent r i s e ;  o f ten ,  a t  t h e  height  of t h i s  r i s e  t h e  r e sp i r a t ion  
i s  restored. During t h e  dis turbance of  r e sp i r a t ion  and a r t e r i a l  pressure,  t h e  
oxygen tension i n  t h e  t i s s u e s  of t h e  medulla oblongata decreases  sharply, 

In  t h e  t h i r d  s e r i e s  (30 c a t s ;  narcos is  hexenal, 0.03 - 0.01, gm per  kg of 
body weight), we s tudied t h e  r e sp i r a t ion  and oxygen tens ion  i n  var ious regions 
of t he  medulla oblongata and i n  t h e  f i s s u r e  of Sylvius  of' t h e  cerebra l  cor tex 
under t h e  ac t ion  o f  adrenal ine (0.35 - 0.5 m A  of  0.1% so lu t ion )  and noradrena
l i n e  (0.05 and 0.3 mk of 0.2% solu t ion) ,  i n j ec t ed  i n t o  t h e  per iphera l  end of 
t h e  caro t id  a r te ry .  We found t h a t  t h e  o q g e n  tension i n  t h e  cerebra.1 cortex 
and i n  var ious regions of t h e  medulla oblongata does not  always vary i n  a paral
l e l  manner, nor q u a l i t a t i v e l y  i n  the  same way, on i n h i b i t i o n  of r e sp i r a t ion  by 
these  drugs. 

It follows t h a t  t h e  vasomotor center  i s  more s e n s i t i v e  and more r e s i s t a n t  
t o  va r i a t ions  i n  i n t r a c r a n i a l  pressure (anemia) than t h e  r e sp i r a to ry  center.  
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THE ROLE O F  EXTERNAL RESPIRATION IN TKE R E U U T I O N  OF 
THE OXYGET! REGIME OF THE ORGANISM 

M.M.Seredenko 
(Laboratory of Age-Group Physiology, Director:  N.V.Lauer, M.D. ; 

A.A.!3ogomol*ts I n s t i t u t e  o f  PhysiologJr, UkrSSR Academy of 
Sciences, Director :  A.F.Makarchenko, Academician UkrSSR 

Academy o f  Sciences, Kiev) 

T h e  fGnction of  t h e  ex te rna l  r e s p i r a t i o n  i s  p r imar i ly  concerned with main
t a i n i n g  a constant l eve l  o f  t h e  p02 and q02 o f  t h e  a l v e o l a r  a i r  and t h e  a r te r ia l  
blood, i.e., t h e  parameters a t  t h e  output  of t h e  first and second s t ages  o f  t h e  
o q g e n  regime con t ro l  system (ORCS), t h e  lung reservoir ,  and t h e  r e s e r v o i r  of 
t he  pulmonary c a p i l l a r i e s .  

A ca lcu la t ion  of t h e  amount of  or jgen and i t s  t ens ion  a t  t h e  inpu t  and out
pu t  o f  these s tzges  permits: 1)charac t e r i za t ion  of  t h e  oxygen regime and 2 )  
d e f i n i t i o n  o f  t h e  r o l e  o f  t h e  ex te rna l  r e s p i r a t i o n  i n  t h e  control  of  t h e  oxygen 
regime (OR), depending on var ious conditions,  

To character ize  t h e  l e v e l  o f  t h e  OR i n  t h e  first s tage ,  based on data ob
tained by u s  i n  col laborat ion with A.Z .Kolchinskaya, N.V.Lauer, N.T.Khilinskaya, 
and l:.k.Kulikov, t h e  following amounts of oxygen w e r e  taken: a r r i v i n g  p e r  
minute from t h e  atmosphere (q r02) ,  a r r i v i n g  p e r  minute i n  t h e  cavity of  t h e  
a l v e o l i  ( ~ 0 ~ )and leaving t h e  a l v e o l a r  a i r  p e r  minute i n t o  t h e  blood, i.e., 
p r a c t i c a l l y  speaking, t h e  o q g e n  consumption p e r  minute (qt02 ). I n  t h e  graphic 
representat ion of t hese  q u a n t i t i e s  i n  t h e  form of a s t e p  diagram f o r  persons 
age 6 ,  16,  29, and 7 G  years,  under t h e  conditions o f  rest  and a t  normal pOz i n  
t h e  in sp i r ed  a i r ,  we found t h a t  t h e  l e v e l  of t h e  OR i n  t h i s  s tage  i s  lowest i n  
t h e  ch i ld ,  higher i n  the  youth, and highest  i n  t h e  adul t .  I n  t h e  old person, 
t h e  l e v e l  o f  t h e  05 i s  pecu l i a r :  t h e  q ,Qis  higher than i n  t h e  o t h e r  age /250
periods,  while i n  t h e  succeeding s t ages  t h e  OR level  dec l ines  and approaches 
t h a t  of youth. However, i f  t h e  oxygen arr ival  p e r  minute from t h e  atmosphere 
i s  calculated p e r  krg o f  body weight, w e  f i nd  t h a t  f o r  a 29 y e a r  old human sub
j e c t  it i s  lowest o f  all. It i s  somewhat higher a t  age 16, s t i l l  higher i n  t h e  
old person, and highest  of  a l l  i n  t h e  h yea r  o l d  child.  The %O2/kg i s  higher 
i n  t h e  a d u l t  than i n  t h e  old person or i n  t h e  youth, ensuring a r e l a t i v e l p  high 
l e v e l  of t h e  qtC, /kg a t  t h i s  age. I n  t h e  ch i ld ,  t h e  e n t i r e  0, cascade i s  o f  
considerab1:T higher i n t e n s i t y  than i n  t h e  o t h e r  age groups, b u t  t h e  g rad ien t s  
between t h e  s t ages  of t h e  cascade are far g r e a t e r  i n  magnitude. 

Our data permit an approach t o  eva1uatir.g t h e  e f f ec t iveness  o f  t h e  OR, 
which mag be represented by t h e  r a t i o  o f  t h e  quan t i ty  o f  oqvgen passing through 
t h e  s t age  of t h e  ORCS t o  t h e  o=jgen consumed, and a l s o  between t h e  stages.  For 
t h e  first stage,  t h e s e  r a t i o s  are qr02/qt02; q A O T / q t C T ;  and qr0,/q,02. These 
r a t i o s  are lowest i n  t h e  a d u l t ,  permit t ing us t o  speak o f  a maximum effective
ness  o f  OR i n  t h i s  age. I n  youth, t h e  e f f ec t iveness  o f  t h e  OR i s  less,  being 
s t i l l  lower i n  t h e  ch i ld ,  and lowest i n  o ld  age. 
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The gradients  of p02 a t  t h e  inpu t  and output  o f  t h e  f irst  two stages 
y i e l d  d a t a  on t h e  condi t ions under which oxygen exchange t a k e s  place i n  t h e  
pulmonary r e s e r v o i r  and i n  t h e  blood of t h e  lung c a p i l l a r i e s .  I n  t h e  var ious 
age periods, t h e  gradient  between pAO, and paOz f luc tua te s .  The f a c t  t h a t  this 
Doradient i s  g r e a t e s t  in o ld  age and smallest  i n  t h e  a d u l t  may i n d i c a t e  t h a t  /251
t h e  stress of t h e  OR i s  g r e a t e s t  i n  t h i s  s t age  in o ld  age and lowest i n  t h i s  
s tage  i n  middle age. 

The oxygen regime of t h e  organism i n  t h e  first s t age  may a l s o  be used f o r  
estimating i t s  economy, as indicated by t h e  r a t i o  of t h e  i n d i c e s  o f  external  
r e s p i r a t i o n  and oxygen consumption. These r a t i o s  a l s o  assist i n  character iz ing 
t h i s  funct ion of  t he  organism. 

One of such r e l a t i o n s  i s  t h e  v e n t i l a t i o n  equivalent,  which i s  t h e  r a t i o  of  
t h e  minute volume (MV) of r e s p i r a t i o n  t o  t h e  q t O p ,  which y i e l d s  t h e  volume of 
a i r  passing through t h e  lungs required t o  supply t h e  organism with 1 me of G2. 
It i s  highest  i n  t h e  o ld  person, somewhat lower i n  t h e  ch i ld ,  s u b s t a n t i a l l y  
lower i n  t h e  young person, and lowest i n  t h e  adu l t .  This alone would i n d i c a t e  
t h a t  t he  o,Tygen regime i n  t h e  f irst  s tage  i s  most economical i n  middle age and 
l ea s t  economical i n  old age. 

This can be demonstrated a l s o  on t h e  b a s i s  of  another  index, namely, t h e  
r a t i o  of  a l v e o l a r  v e n t i l a t i o n  ( A V )  t o  qt02, which y i e l d s  t h e  volume of a i r  t h a t  
must e n t e r  t h e  a l v e o l a r  p a r t  o f  t h e  lung f o r  1m& of  oxygen consumption. I n  
f a c t ,  t h e  smallest volume o f  a i r  i s  required f o r  t h i s  i n  middle age and youth 
and t h e  l a r g e s t  i n  childhood and old age. 

I n  t h i s  same connection, t h e r e  i s  a t h i r d  index o f  t h e  OR economy i n  t h i s  
stage, which might be o f  i n t e r e s t .  This  index y i e l d s  t h e  amount of  oxygen con
sumed by t h e  organism, from t h e  a i r  del ivered t o  t h e  lung i n  one r e s p i r a t o r y  
cycle. The g r e a t e s t  amount of 0% i s  consumed i n  middle age, considerably l e s s  
i n  old age and youth, and very l i t t l e  i n  childhood. /252 

These da t a  permit t h e  general  conclusion t h a t  t h e  funct ion of t h e  ex te rna l  
r e s p i r a t i o n  of  t h e  organism i n  a s t a t e  of rest  and a t  normnl p02 of t he  inspired 
air ,  i s  most economically performed i n  middle age. This funct ion i s  l e s s  eco
nomical i n  youth and l e a s t  economical i n  childhood and o ld  age, 

It i s  of i n t e r e s t  t h a t  i f ,  a t  constant t i s s u e  oxygen consumption, t h e  
r a t i o s  of t h e  funct ional  i n d i c e s  of ex te rna l  r e s p i r a t i o n  t o  t h e  o q g e n  consump
t i o n  were t h e  same i n  childhood and old age as i n  middle age, then some of t h e  
i nd ices  a t  these ages would have t h e  following form: The FV i n  t h e  ch i ld  would 
be o r i l y  2.5 l t r  instea.d of  L O  ltr; i n  t h e  person of 70 years of  age, it would 
b e  L.8 l t r  instead of g.1,. ltr.  The a l v e o l a r  v e n t i l a t i o n  i n  t h e  ch i ld  would be 
2.1 l t r  ins t ead  of 2.9 l t r ;  i n  t h e  old person it would b e  o n l y  3.9 l t r  instead 
of L.9 ltr, The r e s p i r a t o r y  ra te  would be only 3 p e r  min in s t ead  of 22 p e r  min 
i n  t h e  ch i ld ,  and i n  t h e  old person only 6 p e r  min in s t ead  of 16 p e r  min. 

Hence, it i s  c l e a r  t h a t ,  a t  t h e  economy of  t h e  OR i n  t h e  f i rs t  s tage  in
herent  t o  middle age, some ind ices  of  ex te rna l  r e s p i r a t i o n  i n  childhood and old 
age would be considerably lower. I n  old age and childhood, however, such economy 
o f  t h e  external r e s p i r a t i o n  would l ead  t o  extensive impairment of  t h e  regulat ion 

15L 




of t h e  oxygen parameters. 

An o v e r a l l  evaluat ion o f  t h e  oxygen regime, and i n  t h e  first s tage  o f  t he  
ORCS i n  p a r t i c u l a r ,  using a hypoxic model, i s  complicated by t h e  f a c t  t h a t  t h e  
above i n d i c e s  of t h e  OR are c h a r a c t e r i s t i c  f o r  a regime i n  t h e  s t a t i o n a r y  s ta te ,  
while i n  acu te  hypoxic hypoxia t h e  oxygen exchange in t h e  organism t akes  /253
place under t h e  conditions of a t r a n s i t i o n a l  regime. Thus, an evaluat ion of 
t h e  OR i n  acute  hypoxia c o n s t i t u t e s  on ly  a t e n t a t i v e  approach t o  t h i s  question. 

A t  i nha la t ion  of  gas mixtures with lower pOz and q02 (with a drop from 
mixture t o  mixture, corresponding t o  an a l t i t u d e  increase o f  1000 m )  f o r  dogs 
of  moderate age a t  re la t ive res t ,  N.V.Lauer, A.Z.Kolchinskaya, t h e  present  
authors,  M.M.Kaganovskiy, V.V.Turanov, and N.T.Khilinskaya have noted t h e  follow
i n g  : 

Down t o  mixtures with 12.7% O:, (corresponding t o  an a l t i t u d e  of LOO0 m ) ,  
t he  i n t e n s i f i c a t i o n  of t h e  funct ion of ex te rna l  r e sp i r a t ion ,  expressed i n  an in
crease o f  t he  MV, more o r  less maintains t h e  i n i t i a l  level  o f  t h e  q,02 and t o  a 
l e s s e r  degree t h a t  of  t h e  q&O,. Due t o  this f a c t ,  t h e  level  o f  t h e  OR i n  the  
f i r s t  s t age  on these  mixtures v a r i e s  only s l i g h t l y  (mainly on account o f  an in
crease i n  qtO: , ) .  A t  11.0% Oa (5000 m) we note  a dec l ine  i n  t h e  l e v e l  of t he  OR 
a t  a l l  s tages ,  with a s u b s t a n t i a l  decrease i n  qt02 d e s p i t e  t h e  continuing in
crease i n  YV. F r o n t h e  viewpoint of OR eff ic iency,  it i s  an i n t e r e s t i n g  f a c t  
t h a t  t h e  r a t i o s  q i C 7 / q t G p  and Q 0 2 / q t C p  continue t o  decrease on t r a n s i t i o n  t o  
each new mixture, down t o  12.7% 02, where they s t ab i l i ze  with a sharp increase 
for t h e  mixtures with 7.5% O2 (8000 m); f i n a l l y ,  i n  cha rac t e r i z ing  t h e  economy 
o f  t h e  OR i n  t h e  first s t age  and i n  evaluat ing t h e  funct ion of ex te rna l  respira
t i o n  from t h i s  viewpoint, one should note t h e  s l i g h t  increase i n  t h e  r a t i o  of  
NV/q,O, down t o  t h e  mixture with 12.7% Oa,  followed by i t s  sharper  i nc rease  /251L 
and considerable rise a t  7.5% C2. The r a t i o  AV/q t02  a l s o  f luctuates about i t s  
i n i t i a l  l e v e l  down t o  12.7% O 2  and then r epea t s  t h e  v a r i a t i o n  of  MV/qt02, al
though t o  a l e s s e r  degree. The r a t i o  q,O:,/RR (where RR i s  t h e  r e s p i r a t o r y  r a t e )  
l ikewise increases  down t o  t h e  mixture with 12.7% 02, and then gradual ly  de
creases  t o  '7.5:; C2, where it drops sharply. 

kr. ana lys i s  of  t h e  d a t a  obtained f o r  dogs o f  medium age shows t h a t  t h e  in
t e n s i f i c a t i o n  o f  t h e  function o f  ex te rna l  r e s p i r a t i o n  under condi t ions of acute  
!-;rpoxia i s  r a t h e r  e f f e c t i v e  and economical up t o  an a l t i t u d e  o f  LOO0 m (mixture 
with 12.7;; O,), and, d e s p i t e  t h e  proqressive decrease i n  p02 and q02 i n  t h e  in
spLred a i r ,  ensures t h e  l e v e l  of q t G T  necessary f o r  t h e  organism. A dec l ine  i n  
t h e  e f f ec t iveness  and econow of  t h i s  function i s  noted a. t  s t i l l  more severe 
hypoxia; above a l t i t u d e s  of  8000 m, t h e r e  i s  a s u b s t a n t i a l  incoordinat ion i n  t h e  
v a r i a t i o n s  of t h e  funct ional  i nd ices ,  l ead ing  t o  extensive dis turbances o f  t h e  
oxygen regime of  t h e  organism. 

These proposi t ions,  cha rac t e r i z ing  t h e  oxygen regime o f  t h e  organism, make 
no claim as  t o  complete e luc ida t ion  of t h e  quest ion and are merely advanced t o  
attempt a f u l l e r  and more comprehensive understanding o f  t h e  oxygen exchange i n  
t h e  organism during i t s  f irst  s t ages  under var ious conditions (age and hypoxia) 
as well as  t o  evaluate  t h e  r o l e  of t h e  system of  ex te rna l  r e s p i r a t i o n  i n  oxygen 
exchange. 
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THE EFFECT OF ACUTE HYPOXIA OF THE BRAIN ON THE FUNCTIONAL 
STATE OF THE CARDIOVASCUU SYSTEN 

L .A .Sumbatov, Ye. N. Ashcheulova, and I.G. Igumenova 
( I n s t i t u t e  of Cardiovascular Surgery, USSR Acaderriy of  Sciences, 

Director :  Prof.  S.A.Kolesnikov, Honored S c i e n t i s t  of t h e  
RSFSR; S c i e n t i f i c  Director :  Academician A.N.RaMev, Moscow) 

The e f f e c t  of i s o l a t e d  acute  hypoxia of t h e  b r a i n  on t h e  c i r cu la t ion  was 
studied i n  dogs. The hypoxia was induced by veno-a r t e r i a l  craniocerebral  per-
fusion,  using a r t i f i c i a l  c i r c u l a t i o n  apparatus. I n  e igh t  of t h e  1 9  experiments, 
t he  venous blood, a r r i v i n g  i n  t h e  apparatus  from the  r i g h t  hea r t  of t h e  animzl, 
was f i r s t  sa tura ted  with ni t rogen t o  prevent h-y-percapnia of t h e  brain.  I n  the  
experiments, we measvred the  e l e c t r i c  a c t i v i t y  of t h e  cerebra l  cortex,  t he  bio
cur ren ts  of t he  hea r t ,  and t h e  ar ter ia l  pressure and studied t h e  blood gases, 
t h e  ind ices  of t he  acid-base equilibrium, e tc .  The volume r a t e  of flow of per-
fusion var ied from 5 t o  20 m& pe r  kg of body weight, and hypoxia of t h e  bra in  
was developed i n  varying per iods  (from 20 t o  80 m i n ) .  A two-phase change ir! 
t h e  b iocur ren ts  w a s  noted on t h e  FB.3, first showing in an acce lera t ion  o f  t h e  
rhythm followed by dominance of  slow waves. The development of  hypoxia was  ac
companied by a . r i s e  i n  t h e  ar ter iovenous oxygen d i f f e rence  ( A  - VpG?). 

The A - VpOa of t h e  blood, forced i n t o  t h e  caro t id  a r t e r y  and flowing over 
i n t o  t h e  i n t e r n a l  j ugu la r  vein,  increased from 33.5% t o  L3% i n  t h e  experiments 
without ni t rogen (average of 11experiments). A t  t h e  same time, t he  A - VpC, /256 
i n  t h e  blood samples from t h e  femoral a r t e r y  and femoral vein increased from 27 
t o  L8% (average va lues) ,  while t h e  pC02 i n  t h e  forced blood i n  each group was 
L2 rmn Hg on t h e  average. 

When t h e  venous blood was  sa tura ted  w i t h  ni t rogen,  t h e  mean pC02 w a s  
33 m Hg i n  e igh t  experiments. The A - VpG a l s o  increased i n  t h i s  group w i t h  
t he  development of hypoxia, bu t  t o  a l e s s e r  extent ,  namely, from 20 t o  2L% 
(average of e igh t  experiments). The A - Vp02 i n  the  blood samples f r o m  t h e  
systemic blood vesse l s  increased from 30 t o  35.L%. 

I n  a l l  of t h e  experiments, t h e  increase  i n  hypoxia of  t h e  b ra in  was accom
panied by dis turbances i n  t h e  hemodynamics. The a r t e r i a l  p ressure  f e l l  t o  
LO - 20 rmn Hg. Resistography of t h e  blood vesse l s  of t h e  hind l e g ,  in four 
experiments, showed r e l a t i v e l y  r e s i s t a n t  vasotonia. The sharp drop i n  blood 
pressure and the  developing oqygen insuf f ic iency  of t h e  organism a r e  r e s u l t s  of 
r e f l e x  d i so rde r s  of  t h e  card iac  a c t i v i t y .  T h i s  was evidenced by t h e  changes i n  
t h e  ECG. We noted acce le ra t ion  of t he  hea r t  r a t e  t o  severe tachycardia 
(90 - 220 p e r  m i n )  and a decrease i n  t h e  vol tage of t h e  ECG waves, I n  t he  ex
periments with ni t rogen sa tu ra t ion  of t h e  blood, these  changes were somewhat 
l e s s  pronounced. 

156 




a 


DYNAMICS OF RESPIRATION I N  ATHLETES UhTDF3 CONDITIONS /257
OF HYPOXIC HYPOXIA 

I .D .Surkina 
(Central  Research I n s t i t u t e  f o r  Physical  Culture, Director:  

Prof. A.V .Korobkov; Section of Ath le t ic  I.ledicine, Chief: 
Prof. S.P.Letunov, b$oscow) 

Dpamics of  r e sp i r a t ion  encompasses t h e  processes keeping the  a i r  in motion 
through the  r e sp i r a to ry  passages. The e l a s t i c  and i n e l a s t i c  elements of t h e  
thorax p a r t i c i p a t e  d i r e c t l y  i n  these  processes,  which i s  also t r u e  f o r  t h e  a i r  
stream i n  the  tracheobronchial  t r e e  o f f e r ing  a ce r t a in  r e s i s t ance  t o  resp i ra t ion .  

Ir.young heal thy subjects ,  t h e  f i r s t  two of these  f a c t o r s  cannot r e s t r i c t  
t he  funct ional  capab i l i t y  of  t h e  ex terna l  r e sp i r a t ion  system. The res i s tance  of 
t he  resp i ra tory  passages i n  the  s t a t e  of r e s t  l ikewise has no l imi t ing  e f f e c t  
here. However, s ince  it i s  proport ional  t o  t h e  square o f  t h e  ve loc i ty  o f  t h e  
a i r  stream, the  r e s i s t ance  may increase under ce r t a in  conditions. A physical  
s t r e s s  i s  one of these.  

I n  t he  qmtrained person, even a r e l a t i v e l y  l o w  s t r e s s ,  not requir ing an 
excessive increase i n  pulmonary v e n t i l a t i o n ,  is  accompanied by t h e  sensat ion of 
d i f f i c u l t  breathing: dyspnea. Yet a t h l e t e s ,  under g rea t  physical  stress, and 
w i t h  the  pulmonary v e n t i l a t i o n  r i s i n g  t o  LOO l t r /min  and higher,  experience no 
d i f f i cu l t J r .  T h i s  i s  evident lp  explained by t h e  high l e v e l  of t h e  regulat ion 
achieved durir?g a t h l e t i c  t ra in ing .  

There a r e  var ious methods of i nves t iga t ing  the  res i s tance  o f  t he  resp i ra 
t o r y  processes. F i r s t ,  it can be determined by t h e  power of t h e  a i r  stream /258 
i n  forced inha la t ion  and exhalation, by t h e  Tifno t e s t ,  t h e  v i t a l  capacity,  e tc .  

There i s  a connection between the r e s i s t ance  of t he  resp i ra tory  processes 
and t h e  b i o e l e c t r i c  a c t i v i t y  of t h e  r e sp i r a to ry  musculature. I n  breathing 
aga ins t  an a r t i f i c i a l l y  increased res i s tance ,  t h e  a c t i v i t y  of t h e  r e sp i r a to ry  
muscles increases  sharply,  i n  s p i t e  o f  t h e  decrease i n  t h e  v e n t i l a t i o n  volume 
(Keene and O t i s ,  In '  Chi-Chang, A.M.Kulik and o thers ) .  Campbell and Green found 
a co r re l a t ion  between t h e  a c t i v i t y  of t h e  respiratoqy musculature and the  i n t r a 
thorac ic  pressure. 

Many authors  be l ieve  t h a t  nervous regula t ion  i s  involved i n  t h i s  phenomenon, 
e spec ia l ly  the  vagus nerve (B.A.Rotvinnikov, I.Sh.Ginzburg, and o thers ,  L.I.Shik, 
Fleisch,  and o thers ) .  The state of e x c i t a b i l i t y  of t h e  r e sp i r a to ry  center ,  de
termined by i t s  a f fe ren ta t ion ,  p lays  a n  important p a r t  (M.Ye.Marshak). 

On inha la t ion  o f  a low-oxygen gas mixture, t he re  i s  a reflex increase  i n  the  
tonus of t he  r e sp i r a to ry  passages, owing t o  t h e  exc i t a t ion  of t h e  chemoreceptors 
of t h e  s inocarot id  zone. 
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I n  t h i s  case, t h e  t o t a l  r e s i s t a n c e  of t h e  lungs increases ,  while t he  volume 
of t he  trachea decreases. I n  the  opinion of Neidler and Widdicombe, under normal 
conditions the  tonus of  t h e  resp i ra tory  passages, due t o  var ious nervous influ
ences, maintains the  optimum r e l a t i o n  between t h e  res i s tance  t o  r e s p i r a t i o n  and 
the dead space, 

Our own inves t iga t ions ,  i n  col laborat ion with V.V.Matov a t  t h e  Sports  
Medicine Sector of t he  above I n s t i t u t e  for Physical Culture, have shown t h a t  i n  
hypoxic hTypoxia in t h e  a l t i t u d e  chamber, changes occur in t h e  dynamics of  /25?
resp i ra t ion ,  even i n  the  s t a t e  of rest. Our subjects ,  who were highly t ra ined  
a th l e t e s ,  swimmers, and mediumdistance runners, were examined both under basa l  
conditions and a t  t he  simulated a l t i t u d e  of 5000 m. 

We synchronously reg is te red  t h e  b i o e l e c t r i c  a c t i v i t y  of  t he  insp i ra tory  
( i n t e r c o s t a l )  and expiratory (musculus obliquus externus abdominis) muscles, a 
mechanogram of  the  resp i ra tory  movements of  t he  thorax (by pneumography), and a 
spirogram on an N-700 loop oscil lograph. 

We studied the  components of t he  electroqyogram of the  resp i ra tory  mscu la 
ture ,  t h e  durat ion of t h e  phases of t he  r e s p i r a t o r y  cycle, t he  r a t e ,  depth, and 
minute volume of  resp i ra t ion ,  and the  volumetric r a t e  o f  expiration. 

The changes i n  r e s p i r a t i o n  dynamics during hypoxic hypoxia a r e  proved b;:: 
the  subs tan t ia l  increase i n  the  b i o e l e c t r i c  a c t i v i t y  of  t he  i n s p i r a t o r y  muscles, 
which was p a r t i c u l a r l y  d i s t i n c t  when expressed per  l i t e r  of vent i la ted  air ,  ob
served a f t e r  a 3Gmin s t ay  a t  a simulated a l t i t u d e  of 5000 m; t he  decrease i n  
the  minute volume and depth of r e sp i r a t ion ;  t he  considerable lengthening of t he  
duration of exhalation; and the  decrease i n  excursion of respirat ion.  

There a r e  reasons for assuming t h a t  these  changes might l i m i t  the  f i t n e s s  
and performance of a t h l e t e s  under such conditions. 
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OXYGEX 	 SUPPLY OF THE ORGANISM IN A N E M I C  AND CIRCULATORY /260 
EYPOXIA UNDER HIGH-MOUNTAIN CONDITIONS~~ 

A.Yu.Tilis 
(Department of Pathophysiology, Chairman: Prof. A.Yu.Tilis, 

Kirgiz Medical I n s t i t u t e ,  Rector: V.A. Isabayeva, 
Corresponding Member Kirgiz SSR AcadenIy o f  Sciences, 

Frunze ) 

Our s tud ie s  w e r e  performed on animals with induced hea r t  d e f e c t  (destmc
t i o n  of t h e  a o r t i c  valves  by valvotomy) and on dogs af ter  blood l o s s  o f  2.5% of 
t h e i r  body weight. The observations w e r e  performed i n  t h e  c i ty  o f  F " e  (a l t i 
tude 650 m )  and i n  t h e  v i l l a g e  of  Tyuya-Ashu ( a l t i t u d e  3 h O O  m). 

Together with t h e  c i r c u l a t o r y  function, we a l s o  inves t iga t ed  t h e  o q g e n  
budqet of t h e  orgznism, i n  a n  attempt t o  discover t h e  na tu re  o f  t h e  compensatory 
mechanisms i n  c i r c u l a t o r y  dis turbances and i n  acute  blood loss under high-
mountain conditions. 

I n  a l l ,  67 a n i n a l s  w e r e  used i n  t h e  experiment, O f  these ,  21 dogs were 
emmined a t  Frunze and 1,b a t  ap e l eva t ion  of  31,OO m. Some o f  t h e  animals (un
acclimated) w e r e  used i n  t h e  experiments 3 - 5 days af ter  t h e i r  a r r iva l  i n  t h e  
high mountains, and o t h e r s  after s t ay ing  a month a t  t h e  same a l t i t u d e .  

The control  g o u p  (healthy dogs), a f t e r  t h e i r  t r a n s f e r  t o  t h e  high mountains, 
showed an increase ir, r e s p i r a t o r y  metabolism and v a r i a t i o n s  i n  blood oxygenation. 
The oxygen consumption increased t o  88 m&/min, compared with t h e  i n i t i a l  value 
o f  69 m&/min a t  Frunze, and t h e  minute volume (MV) increased by about t h e  same 
a;nom.t. The pulse w a s  a l s o  accelerated.  The oxygen s a t u r a t i o n  o f  t h e  a r te r ia l  
blood declined t o  t32% from an i n i t i a l  98%, and t h a t  of  t h e  venous blood t o  /261
_5L$ from t h e  5P$ at Frunze. 

About 12 - 1L days a f t e r  a r r iva l  a t  t h e  h igh -a l t i t ude  l o c a l i t i e s ,  t h e  MV 
s t i l l  remained high, t h e  oxygenation of t h e  venous blood reached 55%, and t h e  
o t h e r  i nd ices  showed a d i s t i n c t  tendency t o  normalization. B y  t h e  end o f  t h e  
month, t he  o v g e n  uptake d i f f e r e d  l i t t l e  from the  i n i t i a l  values  a t  h n z e .  A 
r egu la r  r i s e  i n  t h e  hemoglobin content w a s  noted (11.3%). 

The animals wi th  t h e  induced h e a r t  defects also compensated t h e  oxygen in
suff ic iency i n  t h e  ex te rna l  a i r  by increased r e s p i r a t o r y  metabolism and by 
changes i n  t h e  c i r c u l a t o r y  function. These changes, however, w e r e  more pro
nounced than i n  t h e  heal thy animals. After t r a n s f e r  o f  t h e  animals t o  t h e  high 
l e v e l ,  they developed severe tachycardia  and polypnea. The blood flow slowed, 
and t h e  oxygenation o f  both a r te r ia l  and venous blood decl ined (by 6.6 and 12.3%, 
respect ively) .  The oxygen uptake increased by 2G%. Despite t h e  f a c t  t h a t ,  i n  

4: 	 Rased on experimental material  o f  t h e  au tho r  and h i s  associates:  Ass i s t an t  
A. K. Kadyraliyev and postgraduate s tudent  Y e  .M. Y efimova. 
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percentage, t h e  r e sp i r a to ry  metabolism increased almost as much as i n  t h e  
healthv animals, t h e  oq-gen uptake had not y e t  reached t h e  i n i t i a l  l e v e l s  a t  
Frunee, a f t e r  a f u l l  month a t  t h e  high elevat ion.  

Thus, w h i l e  t h e  healthy animals reached a c e r t a i n  degree of acclimatior. by 
the  39th day of t h e i r  s t ay  a t  t h e  high l e v e l ,  t h e  animals w i t h  va lvular  hear t  
defect  s t i l l  had not developed s u f f i c i e n t  adapta t ion  t o  t h e  l o w  o q g e n  content 
of t h e  surrounding medium. 

In these animals, however, under t h e  high-mountain condi t ions,  t h e  hear t  
muscle developed a degree of h7yperfunction s u f f i c i e n t  t o  maintain not o i l y  /262 
the  function of  t h e  c i r cu la to ry  system but  a l s o  t o  supply t h e  t i s s u e s  w i t h  oxy
gen, t o  an extent  approfimately corresponding t o  the  seve r i ty  of t he  pathological  
processes under the  condi t ions a t  Fm-ze .  

The animals subtjected t o  blood l o s s  exhibi ted more severe dis turbances of 
c i r cu la t ion  and r e sp i r a to ry  metabolism a f t e r  a drop i n  barometric p re s swe .  In  
our previous s tud ies ,  we had demonstrated t h e  r egu la r  d i f f e rence  i n  t he  respira
t o r y  funct ions of t he  blood during the  first two hours a f t e r  anemization and i n  
the  following days, when acute  posthemorrhagic anemia developed. A s imi l a r  
phas ic i ty  of t h e  pathological  process pe r s i s t ed  even under high-mountain condi
t ions .  On t h e  mountain pass  of Tlwya-Ashu, a t  t h e  same degree of anemizatior:, 
the  unacclimated animals showed more severe tachycardia during t h e  f i r s t  two 
days than a t  Frunze ( 2 U  beats/min aga ins t  179 f o r  t h e  con t ro l s ) .  The slowing 
of t he  blood stream reached an extreme degree (13.L sec aga ins t  11 sec for t he  
cont ro l ) ,  and t h e  a r t e r i a l  pressure f e l l  t o  lower values  than a t  Frunze (by 60% 
instead o f  38%i n  t h e  cont ro ls ) .  The hypothesis may be advanced t h a t ,  under 
high-mountain conditions,  regula t ion  of vasotonia i s  impeded, s ince  t h e  animals 
a r e  unable t o  properly mobilize t h e i r  compensatory reserves .  It i s  s t r i k i n g  
t h a t ,  i n  t h e  dogs, t h e  minute volume a t  t h e  high e leva t ion  increased by a smaller 
amount (18.9%) than a t  F m z e  (26.7%). The r e sp i r a to ry  metabolism varied sini
l a r l y ,  i .e . ,  t h e  oxygen uptake decreased. 

However, 2 - 3 days a f t e r  t h e  blood loss, t h e  unacclimated animals, a s  a t  
Frunze, exhibi ted an increase  i n  r e sp i r a to ry  metabolism and even a ce r t a in  in
crease i n  t h e  oxygen u t i l i z a t i o n  fac tor .  The card iac  output a l s o  increased,  /263 
a s  it did a t  F'runze, bu t  t h i s  compensatory mechanism w a s  l e s s  pronounced (especi
a l l y  a f t e r  2L. hrs) .  

Consequently, i n  t h e  unacclimated animals a t  31,@@m e leva t ion ,  t h e  i n i t i a l  
period a f t e r  t h e  blood l o s s  shows a severe de t e r io ra t ion ,  with more pronour,ced 
changes i n  t h e  c i r c u l a t i o n  than usual  taking place.  I n  some cases ,  t h e  animals 
died from acute  c i r cu la to ry  hypoxia. The second period, with m n i f e s t a t i o n s  of  
anemia, was  character ized by some re s to ra t ion  of hemodynamics, b u t  t h e  oxygen 
supply of t h e  organism did  not  reach t h e  l e v e l  observed a f t e r  t h e  anemization 
a t  bee. The healthy animals, a f t e r  s taying a f u l l  month a t  31,OO m elevat ion,  
s t i l l  showed a c e r t a i n  increase  i n  t h e  volume of c i r c u l a t i n g  blood a t  t he  end 
of  t he  month, while t h e  card iac  output was  e levated and t h e  oxygen uptake a l s o  
was higher (10 m& ins tead  of t h e  i n i t i a l  7.5 m& Oa/kg body weight/min). There 
is an appreciable decrease i n  t h e  oxygenation of  t h e  arterial  and venous blood. 
Apparently, during t h e  3O-day per iod,  o n l y  t h e  "unstable phase of acclimation" 
(M.M.Mirrakhimov) sets i n ,  and becomes e spec ia l ly  d i s t i n c t  when t h e  animal i s  
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subjected t o  g r e a t e r  s t r e s s .  Thus, during the  f i r s t  two hours after a blood loss 
equal t o  2.5% of  body weight, t h e  arterial  pressure  drops by 5L$ (a t  Frunze, it 
dropped o n l y  38 - L @ ) ,  and t h e  card iac  output decreases  by 28.7% The amount 
of absorbed oxjgen begins  t o  dec l ine  and - what i s  most important - t h e  decrease 
i n  r e sp i r a to ry  metabolism cont inues even i n  t h e  days following t h e  bloodlet t ing.  
Ultimately, however (after 5 days) ,  t h e  oxygen uptake was a t  about t h e  same 
l e v e l  as a t  Frunze (113 m 4  i n s t ead  of 116 m& Oz/min). After  one month i n  t h e  
mountains, t h e  animals responded t o  t h e  blood loss i n  t h e  phase of  development& 
of  anemia. by s a t i s f a c t o r y  compensation o f  t h e  c i r cu la to ry  system: The cardiac 
output increased by 0.7 l t r  over  t h e  i n i t i a l  l e v e l ,  and the  blood flow accele
ra ted .  ilowever, t hese  adapt ive shifts w e r e  unable t o  provide normal oxygena
t i o n  of t h e  a r t e r i a l  and venous blood, The o q g e n  sa tu ra t ion  of t h e  blood de
creased t o  81 and /J%,respec t ive ly .  

To summarize our  s t u d i e s  on t h e  na ture  of t h e  oxygen budget i n  va lvular  
hea r t  de fec t s ,  and i n  animals after b loodle t t ing ,  it must be concluded t h a t  t he  
dogs, under the  condi t ions of high-mountain h.y-poxia, a r e  q u i t e  r e a d i l y  ab le  t o  
i n t e n s i q r  t he  funct ion of  t h e i r  c i r c u l a t o r y  system; t h i s ,  toge ther  with a re
orqanizat ion of  t he  o the r  func t iona l  systems, ensures a r e l a t i v e l y  good o q g e n  
Supply f o r  t h e  organism and provides  f o r  adequate adaptat ion t o  t h e  reduced 
p a r t i a l  o q g e n  pressure,  

Of  coiirse, one m n t h  i n  mountain l o c a l i t i e s  a t  3200 - 3LOO m e leva t ion  i s  
i n s u f f i c i e n t  f o r  complete accl imat ion t o  the  condi t ions of h y p o ~ chypoxia, a 
f a c t  which i s  p a r t i c u l a r l y  not iceable  i n  cases  where t h e  compensatory mechanisms 
of  t he  animal a r e  subject  t o  higher  demands. 

The processes  or complete accl imat ion t o  high-mountain hypoxia a r e  slow i n  
Secominq es tab l i shed  and evident27 t a k e  longer t o  complete. 
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THE EFFECT OF PROTRACTED EXPOSUriE TO A HYPEROXIC NEDIUF 
ON THE HIGHER MEBVOUS ACTIVITY OF ANIMALS 

G. V.Troshikhin 
(1.P.Pavlov I n s t i t u t e  o f  Physiology, USSR 

Academy o f  Sciences, Leningrad) 

The scanty l i t e r a t u r e  d a t a  as t o  t h e  e f f e c t  of a hyperoxic medium on the  
higher nervous a c t i v i t y  w e r e  mostly obtained i n  short-time exposures. 

The ob jec t  of t h e  present  work w a s  t o  i n v e s t i g a t e  the higher nervous a c t i v i 
tq of animals under t h e  p ro t r ac t ed  a c t i o n  of a gas mixture with ir.creased oxygen 
content. 

White male mice (of s t r a i n  CC 57) aged 3 months were used, The e q e r i n e n t s  
were performed i n  a spec ia l  chaniber i n  which i?. prescribed oq:gen concentration 
was maintained. The control  group o f  animals was kept  i n  a similar chamber 
f i l l ed  with atmospheric air. 

The state of t h e  higher nervous a c t i v i t y  ol" t h e  animals i n  t h e  d l f f e r e n t  
m e d i a  w a s  evaluated from t h e  r a t e  o f  development o f  conditioned defense re f lexes ,  
i n  a modified Aleksandrov-Tsibina apparatus. 

We found t h a t  a s t a y  i n  a medium containing L.G$ oxygen had no s u b s t a n t i a l  
e f f e c t  on t h e  developnent o f  conditioned r e f l e x e s  i n  mice. When t h e  animals 
were exposed t o  a m e d i m  with 6@ o q g e n ,  t h e  development of  conditioned re
f l e x e s  was  somewhat delayed. I n  a hy-peroxic medium, with GO$ o q g e n ,  t h e  /26/.
formation of conditioned r e f l e x e s  lagged sharply. A m e d i u m  with 90% oxygen con
p l e t e l y  inh ib i t ed  any conditioned-reflex a c t i v i t y ,  exerted a c l e a r l y  t o x i c  act ior .  
on t h e  organism, and r e su l t ed  i n  death. 

The p o s s i b i l i t y  o f  formation of  conditioned r e f l e x e s  t o  a hjTeroxic medium 
was considered as one of t h e  a spec t s  of t h e  adaptat ion of animals t o  t h i s  fac tor .  
The rate a t  which conditioned reflexes are formed i s  a s u f f i c i e n t l y  s e n s i t i v e  
tes t  f o r  evaluat ing t h e  inf luence of a hxyperoxic medium cn t h e  funct ions of  t he  
c e n t r a l  nervous system. 
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MAXIMUM OXYGEN CONSUbIF'TION, A S  AN INDEX OF THE EXTENT OF 
OXIDATIVE PROCESSES AND OF GEXTERAL PHYSICAL FITNESS 

V.S.Farfelr and V.V.Mikhaylov 
(Department of Physiology, S t a t e  Central  I n s t i t u t e  of 

Physical  Culture, Order o f  Lenin, Moscow) 

The individual  f e a t i x e s  o f  t h e  r e s p i r a t o r y  funct ion of man are character
ized p r imar i ly  b:y two f ac to r s :  oq;gen consumption under conditions of t h e  basa l  
metabolism, and maximum oxygen consumption (MOC) under conditions of strenous 
muscular work. The former cha rac t e r i zes  t h e  lower normal l i m i t  f o r  t h e  oxidat ive 
processes t h a t  maintain t h e  v i t a l l y  necessary funct ions of t h e  organism a t  muscu
l a r  r e s t  and a t  normal state o f  t h e  ex te rna l  m e d i u m .  This  quan t i ty  depends on 
t h e  mass and s i z e  o f  t h e  body, as  w e l l  as on age and sex. Its magnitude v a r i e s  
wher. t h e  a c t i v i t y  of c e r t a i n  endocrine funct ions i s  dis turbed under t h e  influence 
of conditioned r e f l e x e s  t h a t  s igna l  t h e  onset  of strenous muscular work or of 
t e rqe ra tu re  changes. It may r e f l e c t  a state o f  heavy muscular work t h a t  has J u s t  
passed, bu t  i s  o n l y  s l i g h t l y  responsive t o  a g r e a t l y  changed l e v e l  of t r a in ing .  
The b a s a l  metabolic rate does no t  c o n s t i t u t e  a reliable index f o r  t h e  general  
physical  f i t n e s s  and s t a t e  o f  t r a i n i n g  o f  a given individual.  

The second quan t i ty  cha rac t e r i zes  t h e  upper l i m i t  of t h e  oxidat ive processes 
for a given organism, i .e. ,  t h e  l e v e l  of extremely strenous and a c t i v e  muscular 
work. It depends on t h e  a c t i v e  mass of t h e  body, v a r i e s  l i t t l e  under t h e  /268 
influence of  moderate ex te rna l  stimuli, and d i s t i n c t l y  r e f l e c t s  t h e  general  
physical  f i t n e s s  and t h e  l e v e l  of  t r a in ing .  

6 necessary condition f o r  determining the  MOC i s  t h e  wil l ingness  of t h e  
si.bject t o  go t o  t h e  l i m i t  of h i s  strength.  The work performed must no t  be done 
a t  maxirr ,um exer t ion,  s ince  work a t  t h i s  l e v e l  can be done o n l y  over anaerobic 
processes i n  t h e  miiscles, produces no s u b s t a n t i a l  increase i n  oxygen consump
t i o n ,  ar,d can be continued for only a sho r t  time (10 - 20 sec). Work done with 
the  ob:ect ot i n t ens i fy ing  the  ox ida t ive  processes i n  t h e  human body t o  t h e  ex
treme limit,, must proceed a t  a power output i n  t h e  zone of 'lsubmaximumll or 
"great" r e l a t i v e  power and m u s t  continue f o r  one, or severa l ,  minutes. It should 
be preceded by an lkiLimbering'l per iod,  i n  t h e  form of exercise  a t  gradual ly  in
creasing power, i n  o rde r  t o  f u l l y  mobilize a l l  mechanisms f o r  oxygen t r a n s p o r t  
and uptake. The seve ra l  vers ions are conditions f o r  determining MOC, b u t  t h e  
d i f f e rences  between them are not fundamental. 

The MOC i s  determined by t h e  i n t e r a c t i o n  of a number o f  f a c t o r s :  p a r t i a l  
oxygen pressure i n  t h e  in sp i r ed  a i r ,  volume of lung v e n t i l a t i o n ,  r e s p i r a t o r y  
surface o f  t h e  lungs,  d i f f u s i o n  o f  gases between lungs and blood, oxygen capacity 
of  t h e  blood, hemoglobin l e v e l ,  a c i d i t y  o f  t h e  blood and i t s  a l k a l i n e  reserve, 
volume rate of  flow of t h e  blood, degree o f  l o c a l  blood supply t o  t h e  lungs and 
working muscles, a c t i v i t y  o f  t h e  oxidizing ferments i n  t h e  tissues, arteriovenous 
difference,  degree o f  blood o q g e n a t i o n  in t h e  lesser c i r cu la t ion ,  etc. Even 
t h i s  short l i s t  i s  s u f f i c i e n t  t o  show t h a t  t h e  MOC i s  an i n t e g r a l  c r i t e r i o n  for 

163 




t h e  degree of  per fec t ion  of t h e  funct ioning of t h e  var ious  systems of t h e  /269
organism. It must be added t h a t ,  t o  ensure m a x i ”  oxygen consumption, a high 
degree of  mutual adjustment of  t h e  i n t e r a c t i o n  between t h e  var ious  physiological 
symptoms i s  required,  a l l  of which must func t ion  a t  t h e  very peak of t h e i r  
a b i l i t y .  O f  p a r t i c u l a r  importance here i s  t h e  e j e c t i n g  power of t h e  hear t ,  i.e., 
t h e  maxi” poss ib le  e j e c t i o n  of  blood by t h e  l e f t  v e n t r i c l e ,  which most authors  
regard as t h e  rate-determining f a c t o r  of  t h e  MOC. 

The highest  values  of  MOC obtained t o  d a t e  are 5.8 - 6.2 l t r /min  (85-90 m& 
per  kg of body weight). For t h e  organism t o  be a b l e  t o  u t i l i z e  such an amount 
of oxygen, t he  following condi t ions must be m e t :  minute volume of r e sp i r a t ion  
120 - 200 ltr/min; cardiac output  33 - 35 l t r /min ;  oxygen sa tu ra t ion  of a r t e r i a l  
blood not  l e s s  than 92 - 93$, and ar ter iovenous oxygen d i f f e rence  1L - 1 6  vol.%. 
It i s  absolu te ly  c l e a r  t h a t  such values  of  t h e  r e sp i r a to ry  and cardiac outputs  
a r e  e n t i r e l y  impermissible f o r  an untrained organism; such l e v e l s  requi re  long 
years  of systematic a t h l e t i c  t r a in ing ,  during which phenomenal morphophysiologi
ca l  reorganizat ions take  p lace  i n  t h e  var ious func t iona l  systems. 

Not every type of  a t h l e t i c  t r a in ing ,  however, has  t h e  same e f f e c t  i n  en
couraging an increase  i n  t h e  MOC. Exercises with pronounced speed and force 
components do increase  t h e  capab i l i t y  cf t h e  organism f o r  extreme consumption 
of O2 bu t  only by a r e l a t i v e l y  small amount; f o r  t h i s  reason, t h e  MOC of  high-
jumpers, gymnasts, f o o t b a l l  players ,  and s p r i n t e r s  does not  exceed 50 - 60 d / k g .  
The highest  MOC a r e  found i n  a t h l e t e s  who have been t r a ined  pr imar i ly  f o r  en
durance ( sk i e r s ,  long-dis tance and rrarathon runners). 

The maxi” values  of  oxygen consumption during muscular work l i m i t  t he  
ove ra l l  working capab i l i t y  of  t h e  organism, a poin t  manifested w i t h  par t icu- /270
l a r  d i s t i n c t n e s s  i n  a t h l e t i c s ,  e spec ia l ly  i n  forms involving prolonged cyc l ic  
e f f o r t s  l a s t i n g  over one hour, and where t h e  l i b e r a t i o n  of energy proceeds pre
dominantly under the  condi t ions of free oxidation. Many years  of MOC determina
t i o n  among top a t h l e t e s  have shown t h a t  t he  major events are a s  a r u l e  won by 
persons w i t h  an MOC of 75 - e5 m&/kg; s p e c i a l i s t s  i n  t h e  f i e l d  have establ ished 
the  grea t  prognostic value of this t e s t .  
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CONTRIBUTION TO THE QUESTION OF THE COMPENSATORY REACTIONS OF /271
THE ORGANISM UNDER CONDITIONS OF HYPOXIA AND ACCLIMATIZATION 

L.G.Filatova 
(Department of Human and Animal Physiology, S t a t e  

Universi ty  of Ki rg i z i a ,  Frunze) 

The problem of osjgen in su f f i c i ency ,  d e s p i t e  t h e  progress  made i n  some 
areas, remains t o p i c a l  even today, s ince  oxygen want i s  encountered i n  many 
d i seases  as  w e l l  as on a scen t s  t o  high a l t i t u d e s .  

I t  i s  w e l l  known t h a t  t h e  organism has a l a r g e  number of compensatory 
mechanisms t h a t  can be u t i l i z e d  under t h e  conditions o f  oxygen want. The par
t i c u l a r  compensatory mechanism p u t  i n t o  operat ion i s  d i c t a t e d  by t h e  degree of 
hypoxia ( i f  we are d iscuss ing  t h e  a l t i t u d e  chamber) or by t h e  combined influence 
of c l ima t i c  fac tors .  

I n  t h i s  connection, a study o f  t h e  compensatory mechanisms i n  var ious forms 
of hypoxia i s  one of  t he  most urgent problems. 

I n  our  inves t iga t ions ,  which were performed over a span o f  many yea r s  by a 
l a r g e  group of coworkers (A.D .Taranukhina, N .F.Pisarenko, I . A .  Fan ta l i s ,  I .Ya. 
Bliznetsov, E.Z.Abdikasheva, and o t h e r s ) ,  we succeeded i n  e s t ab l i sh ing  a number 
o f  l a w s  for t h e  physiological  funct ions i n  acu te  oxygen want ( i n  t h e  a l t i t u d e  
chamber) and accl imat izat ion i n  Kirgizia .  Up t o  an e l eva t ion  of 2500 - 3000 my 
accl imat izat ion i n  Ki rg i z i a  i s  characterized by a pronounced decrease i n  t h e  /27Z 
energy expenditures of both humans and animals, e spec ia l ly  i n  t h e  summer. The 
dec l ine  i n  t h e  basa l  metabolism favors  a decrease i n  pu l se  rate,  blood pressure,  
and amount o f  enzymatic elements i n  t h e  blood. 

liowever, i n  a l a r g e  number o f  d i f f e r e n t  species  of  animals (yellow squir
r e l s ,  gray hamsters, white rats, guinea p igs ,  muskrats, r a b b i t s ,  e t c . )  we have 
found, under conditions o f  acu te  hypoxia, t h a t  "al t i tude" s t imu la t e s  t h e  respira
t o r y  metabolism and t h e  r e s p i r z t o r y  funct ion of t h e  blood, and t h a t  a high 
"ceiling" i s  encountered here. However, i f  t hese  animals a r e  b l ed  (up t o  a 50% 
loss of  erythrocytes  and blood hemoglobin), t he  "ceiling" i s  s t i l l  maintained, 
except t h z t  here t h i s  i s  nolonger  e f f ec t ed  by s t imulat ion of t h e  r e sp i r a to ry  
netzbolism and r e s p i r a t o r y  funct ion of t h e  blood b u t  by a considerable decrease 
i n  t h e  energy expenditure. 

Evidently, t h e  organism, i n  r eac t ing  t o  o-xygen def ic iency,  a c t i v a t e s  t h e  
compensatory mechanisms t h a t  are most s u i t a b l e  f o r  p r o t e c t i n g  it from hypoxia 
a t  a given i n s t a n t .  If, f o r  some reason, one o f  t h e  mechanisms fa i ls ,  t h e  or
ganism i s  ab le  t o  switch t o  o t h e r s  a c t i n g  a t  t h e  given i n s t a n t .  Such a decrease 
i n  energy expenditure of  t h e  organism occurs during i n h i b i t e d  r e s p i r a t i o n  i n  
hibernat ing animals or i n  hedgehogs when they coil up a t  a time of danger. The 
lowering o f  t h e  e n e r a  exchange i n  t h i s  case i s  a reflex, as indicated by t h e  
r a p i d i t y  of t h e  reaction. For example, t h e  metabolism o f  t h e  hedgehog may drop 
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by LO - 50% within a few minutes. 

I n  our  s tud ies ,  we a l s o  es tab l i shed  t h a t  t h e  r a i s i n g  of t h e  "ceiling" on 
decerebrat ion i s  l a r g e l y  connected with a decrease i n  metabolism and a lowering 
i n  body temperature of  t h e  animal (experiments on pigeons). When var ious /273 
exteroceptors  of t h e  animal a r e  disconnected, t h e  "ceil ingrr cons tan t ly  r i s e s  
aga ins t  t h e  background of lowered energy expenditure. 

All t h i s  speaks i n  favor  of  t h e  assumption t h a t  t h e  decrease i n  energy ex
penditure i s  one of  t h e  lead ing  mechanisms i n  adaptat ion t o  hypoxic s t a t e s ,  

Under t h e  condi t ions a t  Kirgizia ,  we observed seasonal v a r i a t i o n s  i n  t h e  
fundamental physiological  funct ions i n  both man and animal and a l s o  establ ished 
a seasonal va r i a t ion  i n  t h e  energy exchange. Against t he  background of  a de
creased metabolism throughout t h e  year ,  t h e  lowest energy exchange was observed 
i n  summer, i .e . ,  i n  t h e  period of t h e  highest  ambient temperatures. The lower
ing  i n  metabolism did not  lead  t o  manifestat ion o f  r e f l e x  r eac t ions  such a s  t h e  
specific-dynamic ac t ion  of  ea t ing  o r  t he  d a i l y  p e r i o d i c i t y  of t h e  p r inc ipa l  v i t a l  
processes of t h e  organism (d iurna l  f luctuations i n  energy exchange, body tem
perature ,  e tc .  ). 

However, on determining t h e  oxygen shortage i n  t h e  organism w i t h  bloodless  
methods (according t o  Ulenbrook, 1930, where t h e  p r inc ip l e  of t h e  method makes 
use of  t h e  f a c t  t h a t  a heal thy subject  a t  r e s t  does not  change h i s  o q g e n  uptake 
when t h e  o q g e n  content of t h e  insp i red  a i r  inc reases ) ,  we encountered i n s u f f i 
c i en t  onjgen supply i n  heal thy subjects .  In  t h i s  case, t h e  oxyhemograph did not 
show a s  pronounced an ar ter ia l  hypoxia. 

A c l a r i f i c a t i o n  of t h e  cause of i n s u f f i c i e n t  oxygen supply i s  the  subject  
of our f u t u r e  research. 
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CONTROL OF TISSUE EXCHANGE, AND ITS VARIATION WITH AGE /274 
V.V,Frol*kis and L.N,Bogatskaya 

( I n s t i t u t e  o f  Geronto loa ,  USSR Acadeqy of  Medical Sciences, Kiev) 

1. An accurate  concept on t h e  adequacy o f  t h e  level  o f  oxygen exchange with 
reference t o  t h e  ?'needs?' o f  t h e  t i s s u e s  can be obtained from de f in ing  t h e  corre
l a t i o n s  between s t r u c t u r e  and funct ions o f  t h e  c e l l s  and t h e i r  energy supply. 

One o f  t h e  b a s i c  problems of  t h e  near  f u t u r e  should be t o  e s t a b l i s h  t h e  
d i s t r i b u t i o n  o f  energy expenditure over var ious funct ional  aRd growth processes 
i n  c e l l s ,  With increasing age, t h e r e  does no t  occur a simple q u a n t i t a t i v e  var i 
a t i o n  i n  ox2rgen consumption b u t  r a t h e r  a r e d i s t r i b u t i o n  of oxygen u t i l i z a t i o n  
over t h e  var ious requirements o f  t h e  c e l l .  Under t h e  condi t ions of s t r e s sed  
a c t i v i t y ,  t h i s  w i l l  l ead  t o  ?'strugglet1 f o r  t h e  energy resources  o f  t h e  c e l l ,  
which i s  p a r t i c u l a r l y  acute  i n  t h e  aging organism. 

2. The s e n i l e  changes i n  oxygen exchange i n  t h e  t issues are l a r g e l y  deter
mined by two opposing tendencies:  on the  one hand, adaptat ion t o  the  changing 
oxyqen supply and, on t h e  o t h e r  hand, d e t e r i o r a t i o n  o f  t h e  adaptive mechanisms, 
l a r g e l y  due t o  s e n i l e  changes during renewal of t h e  var ious members o f  t h e  
system of  t i s s u e  r e sp i r a t ion .  

3. The mechanisms of  t h e  v a r i a t i o n  i n  t h e  oxygen exchange within t h e  tis
sues may be discovered by de f in ing  t h e  co r re l a t ions  o f  t h e  ind iv idua l  members 
of t h e  complex con t ro l l ab le  system, including oxygen, enzymatic systems, oxida
t i o n  subs t r a t e s ,  accumulated metabolites,  and t h e  complex group o f  neurohumoral 
e f f e c t s .  

L. The decrease i n  o q g e n  consumption i n  the  aging organism i s  explained /275 
both by t h e  dec l ine  i n  t h e  number o f  mitochondria and by t h e  decrease i n  t h e i r  
oxidat ive a c t i v i t y .  The l a t t e r  i s  connected with t h e  change i n  t h e  co r re l a t ions  
between ZctiviQT of t h e  r e s p i r a t o r y  enzymes (coenzyme A, succ in i c  oxidase sys
t e m ,  cytochrome s y s t e m  of cytochromoxidase), and t h e  quan t i ty  and q u a l i t y  of 
oxidat ion substrates .  The change i n  t h e  d i f fus ion  of  oxygen ac ross  a membrane 
and t h e  decrease i n  t h e  q u a n t i t y  o f  myoglobin are o f  prime importance. 

5. I n  t h e  system o f  o q g e n  supply t o  t h e  t i s s u e s  i n  o l d  age, t h e  feedbacks 
r ea l i zed  by t h e  accumulation o f  a number of metabol i tes  (ADP, NP) are subject  t o  
stresses. This l e a d s  t o  changes i n  t h e  i n t e r r e l a t i o n  between oxidat ion and 
g l y c o l p i s  i n  t h e  c e l l .  The feedbacks l a r g e l y  determine t h e  i n t e r r e l a t i o n  be
tween t h e  oxygen exchange and t h e  energy expenditure of t h e  c e l l s .  

compares t h e  evolutionary d i f f e r e n c e s  i n  t h e  metabolites,  "including" feedbacks 


The author  

on t h e  leve l  of ex te rna l  and t i s s u e  r e sp i r a t ion .  

6. I n  evaluat ing t h e  oqygen exchange i n  t h e  tissues, one must d i s t i n g u i s h  
between t h e  p o t e n t i a l  and a c t u a l  a c t i v i t y  of t h e  r e sp i r a to ry  enqymes. The po
t e n t i a l  c a p a b i l i t y  of  t h e  enzymes dec l ines  with age, w!lich has a p a r t i c u l a r  ef
f e c t  on t h e  funct ions of  t h e  t i s s u e s  under conditions o f  t h e i r  i n t ense  a c t i v i t y .  
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7. A t  progressing age, t h e  t i s s u e s  develop adaptat ion t o  t h e  change i n  t h e  
l e v e l  of t h e i r  oxygen supply, causing a narrowing of t h e  rsnge o f  v a r i a t i o n  of 
t i s s u e  r e s p i r a t i o n  a t  va r ious  p a r t i a l  oqygen pressures ,  

8. Neurohumoral inf luences con t ro l  b o t h  t h e  consumption o f  oxygen in t h e  
t i s s u e s  and i t s  f u r t h e r  u t i l i z a t i o n ,  The pathways of t h i s  influence d i f f e r :  /27c, 
v a r i a t i o n s  i n  t h e  ac t iv i ty  o f  i nd iv idua l  enzymes, s h i f t s  i n  t h e  co r re l a t ion  be
tween oxidation and phosphorylation, inf luence on t h e  energy inpu t  and output of 
t he  c e l l ,  cut-in of t h e  feedbacks, e tc .  The change, with age, i n  t h e  s e n s i t i v i 
t y  of t h e  t i s s u e s  t o  nervous and humoral inf luences a f f e c t s  t h e  processes of  
oxygen exchange. 

9 .  The neurohumoral r e o d a t i o n  o f  t h e  cardiovascular and r e s p i r a t o r y  systems 
a l s o  changes with age. Due t o  this f a c t ,  any change i n  t h e  requirements of t h e  
t i s s u e s  w i l l  lead t o  less pronounced b u t  more p ro t r ac t ed  changes i n  hemodynamics 
and r e s p i r a t i o n  under t h e  conditions of  hypoxia. 

1G. The mechanisms o f  adaptat ion of t h e  "servospstems" t o  t h e  reqcirements 
of oxygen exchange i n  t h e  t i s s u e s  are l a r g e l y  determined by t h e  t i s s u e  chemore
ceptors. With age, t h e  s e n s i t i v i t y  of  t h e  chemoreceptors t o  hypoxic f a c t o r s  
increases ,  This i nc rease  of s e n s i t i v i t y ,  a t  t h e  feedback s tage ,  i n  t h e  regala
t o r y  system f o r  t h e  hemodynamic supply of  t h e  t i s s u e s ,  may somewhat compensate 
t h e  s h i f t s  i n  t h e  d i r e c t  neurohumoral influences.  

11. The changes with age, i n  t h e  t issue oxygen exchange 2nd i n  t h e  sensi
t i v i t y  of t h e  bloodvessels t o  nervous and humoral inf luences are dec i s ive  for 
t h e  changes i n  hemodynamics o f  t h e  t issues m d e r  t h e  conditions of t h e i r  growing 
need f o r  oxygen. 

12. The mobilization of  t h e  feedbacks and t h e  extensive u t i l i z a t i o n  of t h e  
adaptive mechanisms t o  a d e f i c i t  i n  oxygen supply o f  t h e  t issue makes then - i n  
senescence - p a r t i c u l a r l y  f%-ulnerablert t o  inadequate blood supply. This i s  re
sponsible f o r  many of t h e  f e a t u r e s  of va r ious  pathological  processes. 

'13. With age, it i s  not  so much a quest ion of a simple ex t inc t ion  but  /277
r a t h e r  of a complex irregular change of t h e  adaptive mechanisms i n  t h e  regula
t o r y  system f o r  t h e  oxygen exchange i n  t h e  organism. 
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QUANTITATIVE CHARACTEXISTICS OF WORKING HYPEREMIA OF THE (278
SKELETAL MUSCLE AND THE CONCEPT OF THE BLOOD DEBT 

V .M .Khayutin 

( I n s t i t u t e  of Normal and Pathophysiology, USSR Academy 


of Medical Sciences, Moscow) 


1. Ever s ince  it w a s  first demonstrated t h a t  t h e  s k e l e t a l  muscle uses  more 
oqrgen, not onlv during contract ion but  even f o r  a long t i m e  t h e r e a f t e r ,  t h i s  
phenomenon h a s  beeF termed tvoFTgen debt". Long af ter  relaxat ion,  t h e  blood 
supplp of a muscle remains a t  a hiEh level; t h i s  phenomenon, i n  analogy t o  t h e  
o q g e n  debt,  i s  considered t h e  pa;ment of t h e  debt,  t h e  'Folood debt", formed 
during work. I n  t h i s  paper, w e  d i scuss  t h i s  i d e a  on t h e  basis of d a t a  obtained 
i n  col laborat ion with L.A.FTanvelyan and V.A.Khorunzhiy i n  a study of t h e  mecha
nism of funct ional  hyperemia. The motor f i b e r s  o f  t h e  sc ia t ic  nerve i n  t h e  c a t  
were st imulated by impulses of varying frequency or amplitude, under v a r i a t i o n  
o f  t h e  pa t t e rn  and durat ion of t h e  contract ions of t h e  gastrocnemius; we measured 
t h e  fo rce  of contract ion (or shortening) of t h e  muscle, t h e  blood flow at t h e  
time of m a x i m u m  d i l a t a t i o n  o f  t h e  blood vesse ls ,  t h e  t o t a l  blood supply during 
t h e  Teriod of contract ion,  and t h e  period of recovery. 

2. 30th t h e  depree of d i l a t a t i o n  of t h e  blood v e s s e l s  of t h e  con t r ac t ine  
muscle and i t s  t o t a l  blood supply are independent of t h e  ex te rna l  physical  work 
performed b:r t h e  muscle. These values are determined by t h e  number of exci ted 
motor u n i t s  and t h e  frequency of t h e  c:ycles of t h e i r  exci ta t ion.  It follows /279
t h a t  substances t h a t  d i l a t e  t h e  a r t e r i o l e s  of t h e  muscle are not formed dliring 
t h e  c o n t r a c t i l e  urocess i t s e l f  but  a l ready i n  t h e  preceding stages,  probably on 
e x c i t a t i o n  of  t h e  muscle c e l l  membrane. 

3. The d i l a t a t i o n  o f  t h e  blood vessels of a muscle inc reases  with increas
ing  freqcencv of s t imulat ion of t h e  motor f i b e r s  and reaches a m a x i m u m  a t  
8 impulses/sec, i.e., s t i l l  at a subtetanic  l e v e l  of muscle contraction. A 
fu r the r  increase i n  frequency w i l l  prolong t h e  recoverg period. The former f a c t  
i n d i c a t e s  t h a t  t h e  blood supply of t h e  working muscle follows t h e  p r i n c i p l e  of 
"pavment i n  advance", w h i l e  t h e  la t ter  might be in t e rp re t ed  as t h e  manifestation 
of a "debt t o  t h e  blood". This contradict ion i s  explained by subsequent obser
vat i o n s. 

L. The t o t a l  r e s i s t a n c e  of t h e  blood vesse l s  of a muscle decreases i n  d i r e c t  
proportion t o  t h e  number of contract inp motor uni ts .  A t  t h e  same time, with in
creasing number of u n i t s  t h a t  have performed work, t h e  durat ion of  t h e  recovery 
period inc reases  l i nea r ly .  To explain t h e  former f a c t ,  it i s  s u f f i c i e n t  t o  as
sume t h a t  t o  each motor u n i t  t h e r e  corresponds a func t iona l ly  d i s c r e t e  %vascular 
unit tr ,  i.e., t h e  a r t e r i o l e s  t h a t  become d i l a t e d  are  those  i n  d i r e c t  contact  with 
t h e  exci ted muscle c e l l s .  The second f a c t  l e a d s  t o  t h e  converse assumption t h a t  
t h e  inf luence responsible  f o r  t h e  d i l a t a t i o n  of t h e  blood vessels around a c t i v e  
motor u n i t s  i s  somehow t r ansmi t t ed  t o  a l l  blood vessels o f  t h e  muscle, so t h a t  
they will !remember" t h e  number of contract ing u n i t s  of t h e  e n t i r e  m a s s .  
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5. In  t h e  dec l ine  i n  vasod i l a t a t ion  during t h e  period o f  recovery, two com
ponents can be dis t inguished,  a f a s t  and a slow one. The former proceeds a t  /2po 
constant ra te ,  independent o f  t h e  number of u n i t s  t h a t  have performed work; t h e  
second i s  detected when 25% of t h e  mits o r  more a r e  turned on and p e r s i s t s  
longer, t h e  g r e a t e r  t h e  number of u n i t s  t h a t  have functioned. The fast  com
por.ent i s  believed t o  correspond t o  t h e  r e s t o r a t i o n  o f  t h e  lumen o f  t h e  ar ter i 
o l e s  i n  d i r e c t  contact  with t h e  muscle c e l l s  (proximal network of ves se l s ) ,  ar.d 
the  slow component t o  t h e  gradual cons t r i c t ion  of  t h e  ar ter ia l  v e s s e l s  c a r r y i r g  
the  blood t o  t h e  former ( d i s t a l  network of blood vesse l s ) .  The hypothesis t h a t  
t he  vasod i l a t a t ion  i s  propagated from t h e  proximal network: t o  the  d i s t a l  net
work el iminates  t h e  contradict ion mentioned i n  Paragraph I , ,  and furnishes  an 
explanation f o r  t h e  f a c t  t h a t  t h e  increase i n  freqcency of  t h e  impulses ir, t h e  
motor f i b e r s  Frolongs t h e  period of r e c o v e q  (Paragraph 3 ) ,  writhout having re
course t o  the  kSpothesis of "blood debt". 

6. 'tJith continuous i s o t o n i c  contraction of a muscle, t h e  blood flow, wkf~ch 
increases  i n  t h e  beginning, i s  maintained a t  t h a t  l e v e l  as lor,g as t h e  contrac
t i o n  p e r s i s t s .  On i t s  elongation, t he  durat ion of  t h e  period of  recovery iri
creases, reaching a maximum a t  a 1 - 3 m i n  contraction. A f u r t h e r  lengthenin5 
of  t he  eontract ion ( t o  30 m k )  w i l l  not increase t h e  duratior! ol' t h e  recovery 
period nor t h e  t o t a l  blood supply during t h a t  period. These f a c t s  cannot b e  
explained on the  b a s i s  o f  t h e  concept o f  t h e  %blood debt" b u t  rnust use the  hy
pothesis  o f  t h e  propagation o f  vasodi la tz t ion t o  a d i s t a l  n e t  o f  blood vesse l s  
as  basis.  

7. The rapid cons t r i c t ion  of t h e  blood v e s s e l s  of  m s c l e s  or! termination 
of t h e  exe r t ion  would subject  t h e  cardiovascular system t o  darrgerous overloads. 
The slow dec l ine  of working hypererrLa, evident ly  due t o  t h e  pecu l i a r  p rope r t i e s  
of  t he  d i s t a l  network of  blood vesse l s ,  c o n s t i t u t e s  one of t h e  adaptat ions / 2 f l  
ensuring gradual t r a n s i t i o n  of t h e  c i r c u l a t i o n  from t h e  s ta te  c h a r a c t e r i s t i c  of  
muscular a c t i v i t y  t o  the  s t a t e  o f  rest. The i n t e n s i f i c a t i o n  of t h e  blood flow 
in t he  muscles a f t e r  work i s  not necessary f o r  "payment o f  t h e  blood debtTT, 
s ince  it can also b e  paid by more complete ex t r ac t iop  of oxygen. I n  t h e  l i g h t  
of t h e  above f a c t s ,  t h e  concept of %blood debt" appears unJus t i f i ed .  

17G 




ACTIVITY OF 	 THIANINASE UNDER CONDITIONS OF FLUCTUATING /2@2 
OXYGETI SUPPL'I TO THE ORGAi'JISG 

h s t r u c t o r  Yu.V.Khelevskiy 
(LzboratoTJ of Age-Group Physiolog3r, Rogomol*ts I n s t i t u t e  o f  
PElysiolosqT, TJkrSSR Acaderry of  ScieRces, Chief: N.V.Lauer, ID; 

Depart,p.egt o f  Biochemis tq  of t h e  Nedical I n s t i t u t e ,  
Chief: Professor  Ye. F.Shamray, Kiev) 

I n  considering t h e  problem of  regulat ion of t h e  oxygen r e ~ g i m eof t h e  organ
i s m ,  one necessa r i ly  comes t o  t h e  laws o f  regulat ion of  o d d a t i v e  processes i n  
t h e  t i s sues .  I n  connectior. with e s t ab l i sh ing  c o l l a t e r a l  rou te s  of carbohydrate 
metabolism, t h e  questior, of t h e i r  c o r r e l a t i o n  becomes acute. It had t o  be postu
l a t e d  t h a t  changes i n  t h e  function of  t h e  var ious rou te s  o f  carbohydrate oxida
t i o n ,  depending on t h e  conditions of  oxygen supply t o  t h e  t i s s u e s  and t h e  direc
t ior ,  o f  t h e  metabolic processes i n  or-togenesis, may a l s o  have an e f f e c t  on t h e  
a c t i v i t y  o f  t he  corresponding enzymes. 

Ferments containing thiamine p,vrophosphate, p p u v a t e  dehydrase, cu-keto
g l u t a r a t e  dehydrase, and t r anske to l a se  as coenzymes catalyze a number o f  key 
s t e p s  i n  t i s s u e  oxidat ion processes. It i s  w e l l  known t h a t  pyruvate dehydrase 
accomplishes t h e  oxidat ive decarboxylation of pyruvate and converts it i n t o  
acetyl-CoA, combining g lyco lys i s  with t h e  r i n g  of t h e  t r i c a r b o x y l i c  ac ids ,  one 
of whose enzymes i s  ,-<-ketoglutarate dehydrase. Transketolase a c c e l e r a t e s  t h e  
extremeti  important r eac t ions  of  t h e  pentose phosphate route  o f  glucose oxida
t ion .  

The ob jec t  of t h e  present  work w a s  t o  study t h e  a c t i v i t y  of  thiaminase 
under the  conditions o f  diminished oxygen supply t o  t h e  organism, i n  anif ia ls  of  
var ious ag,e groups. Since t h e  thiamine enzymes p a r t i c i p a t e  i n  var ious oxidat ive 
rou te s  o f  carbohydrate metabolism, they may be regarded as  ind ices  o f  t h e i r  
function. 

The r"um t r anske to l a se  a c t i v i t y  (TA) of cardiac and hepat ic  tissues i s  
encountered i n  newborn (1- 2 day) puppies and rats. Ni th  age, t h e  TA decreases,  
e spec ia l ly  i n  t h e  myocardium agd less markedly in t h e  l iver .  The TA decl ined 
during individual  development i n  t h e  dog brain,  b u t  d i d  n o t  s u b s t a n t i a l l y  vary 
i n  t h e  ra t  brain.  The act ivi ty  of pyruvate dehydrase and ?/-ketoglutarate de
hydrase i n  the  l i v e r  and qocard ium o f  newborn animals i s  less  than in old 
animals. 

These d a t a  j u s t i f y  t h e  pos tu l a t ion  t h a t  t h e  a c t i v i t y  of t h e  pentose phos
phate route  o f  carbohydrate oxidat ion i s  increased i n  t h e  t i s s u e s  of newborn 
animals, while t h e  t r i c a r b o x y l i c  a c i d  cycle i s  less  ac t ive .  

Acute hypoxia has  a d i f f e r e n t  effect  on t h e  a c t i v i t y  of t h e s e  enzymes i n  
t h e  dog during ontogenesis. I n  t h e  newborn puppy, t h e r e  w e r e  no s u b s t a n t i a l  
changes i n  t h e  TA i n  t h e  tissues o f  hea r t ,  b ra in ,  and l i ve r  during acu te  hypoxia. 
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I n  2 week old puppies, t h e  TA inc reases  i n  t h e  hea r t  t i s s u e s  and decreases some
what i n  t h e  ce reb ra l  co r t ex  and b r a i n  s t e m .  I n  a d u l t  dogs, t h e r e  i s  a marked 
increase o f  TA i n  t h e  t i s s u e s  o f  t h e  hea r t ,  a s l i g h t  i nc rease  i n  t h e  b ra in ,  and 
a tendency t o  dec l ine  i n  t h e  liver. These data i n d i c a t e  t h a t  t h e  a b i l i t y  o f  t h e  
hea r t  and b r a i n  t issues t o  a c t i v a t e  t h e  pentose phosphate cycle i n  acu te  hypoxia 
increases  with age. 

A t  t h e  same time, i n  acute hypoxia we observed a d e c l i n e  i n  pyruvate de
hydrase and w-ketoglutarate dehydrase i n  t h e  myocardium and l iver .  These changes 
are more pronounced i n  young animals. 

To study t h e  adaptat ion t o  hypoxia i n  t h e  a c t i v i t y  of thiaminase o f  t h e  ra t  
t i s sue ,  t h e  rats w e r e  kept  i n  t h e  a l t i t u d e  chamber a t  t h e  simulated a l t i t u d e  f Z h  
of 8000 meters f o r  six hours each day and w e r e  examined 7, II,,  and 21 days a f t e r  
t h e  beginning o f  t h e  experiment. After  seven days, we observed a r ise  of  TA I r ?  

t h e  hear t ,  b ra in ,  and l i ve r ,  and also on a c t i v a t i o n  o f  pyruvate dehydrase and 
?-ketoglutarate dehydrase i n  t h e  myocardium. I n  l a t e r  periods,  t h e  TA increased 
i n  t h e  b r a i n  and l i ve r ,  and t h e  a c t i v i t y  of t h e  thiaminase of t h e  h e a r t  decreased 
somewhat. 

To de f ine  t h e  r o l e  o f  t h e  thiamine enzymes i n  t he  mechanism o f  r e s i s t a n c e  
of t h e  animals t o  hypoxia, we studied t h e  survival of  r a t s  i n  acute  Bldvitamin
o s i s ,  induced by i n j e c t i n g  t h e  B, ant ivi tamin,  oxythiamine. The preparat ion was 
in,jected i n t r a p e r i t o n i a l l y  i n  doses of 200 mg/kg f o r  two d a p .  The i n j e c t i o n  of  
t h e  oqth iamine  i n t o  a d u l t  rats, adapted t o  hypoxia, lowered t h e  s u h v a l  rate 
i n  acute  hypoxia. W e  noted a marked decrease of TA i n  t h e  hea r t ,  and some de
crease of TA i n  t h e  liver. The TA i n  t h e  b r a i n  was s u b s t a n t i a l l y  unchanged. 
This confirms t h e  s ign i f i cance  o f  t h e  a c t i v a t i o n  o f  t h e  thiamine e n z p e s  i n  in
creasing t h e  r e s i s t a n c e  of a d u l t  rats t o  hypoxia. 

Other results w e r e  obtained i n  a study of t h e  a c t i o n  of oxythiamir,e OK t h e  
organism of  newborn rats. Oxythiamine considerablg lowered the  TA i n  t h e  hear t ,  
l i ve r , - and  b ra in ,  reduced t h e  growth of t h e  animals, and increased t h e i r  survival  
under conditions o f  acute hypoxia. This f ea tu re  o f  t h e  a c t i o n  of oqth5.am.ir.e on 
newborn animals i s  apparently a consequence of t h e  sharp decrease ir- the  energ,. 
requirements o f  t h e  t i s s u e s ,  i n  connection rrith t h e  decrease i n  t h e  b i o s J n t h e s i s  
processes and t h e  d e c l i n e  i n  t h e  metabolic a c t i v i t y  of t h e  brain.  

These d a t a  show t h a t  t h e  r e s i s t ance  of  animals t o  hypoxia l a r g e l y  depends 
on the  functions of t h e s e  e n z - p t i c  systems. The i n t e n s e  pentose phosphate cycle 
ir! t he  newborn animals, and i t s  a c t i v a t i o n  during hypoxia i n  t h e  a d u l t  animals, 
m a y  possibly increase t h e  r e s i s t ance  o f  t h e  organism t o  oq-gen insuff ic iency.  (2_Fs
We cannot disregard t h e  s ignif icance o f  t h e  pentose phosphate cycle i n  t h e  out
pu t  of  energj;  i n  f a c t ,  it may possibly a l s o  encourage t h e  elimination o f  l a c t i c  
acid.  
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OXYGEN DEMAND AND CIRCULATION /286 

L .L .Shik 
(A.V.Vishnevskiy I n s t i t u t e  of Surgery, USSR Academy 

of Medical Sciences, Moscow) 

The o v g e n  demand of t h e  organs and tissues, determined by t h e i r  func t iona l  
f ea tu re s  and by t h e  needs of  t h e  organism as a whole, i s  s a t i s f i e d  by t h e  co
ordinated course of numerous processes. The s igni f icance  of  t h e  c i r cu la t ion  i s  
very g rea t  here and, i n  many physiological  and pathological  conditions,  adJus t s  
t h e  supply of opjgen t o  t h e  demand. 

The rate of  de l ive ry  of t h e  required amount of  oxygen t o  t h e  t i s s u e s  de
pends on t h e  condition of t h e  cap i l l a ry  network and on t h e  p a r t i a l  oxygen pres
sure  (PO,) i n  t h e  blood of t he  c a p i l l a r i e s .  The l i m i t i n g  f a c t o r  here i s  t h e  
pL2 i n  the  venous blood of t he  c a p i l l a r i e s ,  i .e. ,  a quant i ty  approximating the  
p02 o f  t he  venous blood, d i f f e r i n g  from organ t o  organ and r e l a t i v e l y  constant 
for t h e  mixed venous blood. Constancy of t h e  p02 of t he  mixed venous blood i s  
maint.ained by requla t ion  of t h e  c i r cu la t ion  i n  accordance w i t h  t h e  oxygen demand, 
and depends pr imar i ly  on t h e  volume r a t e  of blood f l o w ,  of  which t h e  index i s  
the  cardiac minute volume (MV). Thus, of t he  numerous parameters of t h e  circu
l a t i o n ,  the  MV and i t s  d i s t r i b u t i o n  among t h e  organs as w e l l  as t h e  s t a t e  of t he  
c a p i l l a r y  network a r e  of  dec i s ive  importance f o r  s a t i s f y i n g  t h e  oxygen demand. 

The f a c t  t h a t  t h e  blood c i r cu la t ion  i s  regulated i n  accordance w i t h  t h e  
oxygen demand i s  wel l  es tab l i shed  and i s  pr imar i ly  evidenced by t h e  d i r e c t  /287
r e l a t i o n  between o q g e n  consumption and MV. However, t h e  problem of t h e  MV 
cannot be considered solved. For a long time, i t s  study was neglected i n  favor 
of numerous inves t iga t ions  on t h e  regulat ion of t he  a r t e r i a l  pressure (AP). 
Nithout making a choice between t h e  mer i t s  of t hese  f ac to r s ,  it should be noted 
t h a t  t he  organism, i n  regula t ing  t h e  adequate oxygen demand, requi res  t h e  MV 
r a t h e r  than the  l e v e l  of t h e  AP as such. Under var ious condi t ions,  when t h e  
normal co r re l a t ion  between MY and AP i s  d is turbed ,  a favorable outcome i s  pos
s i b l e  i n  cases where t h e  proper bIV i s  maintained, even a t  an abnormal l e v e l  of 
t he  AP; i n  t h e  opposi te  cases  (when a normal AP i s  maintained a t  a g rea t ly  d i s 
turbed M V ) ,  prolonged maintenance of normal oxygen u t i l i z a t i o n  and of l i f e  i s  
impossible. O f  course, t h e  necessary I.W i s  ensured only i f  t h e  AF' i s  kept with
i n  c e r t a i n  limits; these  limits have t h e i r  own s ignif icance,  

The most widely accepted ideas  of t h e  most schematic p a t t e r n  of regula t ion  
of  t h e  MV can be formulated as follows: The p r i n c i p a l  ob,ject of c e n t r a l  regula
t i o n  i s  t h e  AP l e v e l ;  t h i s  parameter i s  kept  r e l a t i v e l y  constant  by varying t h e  
t o t a l  per iphera l  r e s i s t ance ,  t h e  flow of blood t o  t h e  h e a r t  from t h e  low-pressure 
system, and t h e  c o n t r a c t i l e  funct ion of t h e  myocardium. It i s  assumed here t h a t  
t he  MV i s  regulated only t o  t h e  ex ten t  required f o r  maintenance of t h e  normal AP 
l eve l .  According t o  t h i s  concept, t h e  correspondence of t h e  Mv t o  t h e  oxygen 
demand i s  es tab l i shed  by regula t ion  of t h e  l o c a l  ( o r i g i n a l )  vascular  res i s tance .  
The oxygen demand of  each organ d i r e c t l y  (over t h e  ac t ion  of t h e  pOz) o r  indi

173 



r e c t l y  ( f o r  example, over t h e  metabol i tes )  v a r i e s  t h e  l o c a l  vascular  r e s i s t ance  
and t h e  s t a t e  of  t h e  c a p i l l a r y  network, which, a t  an adequate l e v e l  of t h e  f288 
AP, ensures a blood flow meeting t h e  oxygen requirement. 

According t o  these  ideas ,  t h e  CNS r equ i r e s  no information on t h e  oxygen 
regime and i t s  r e l a t ed  parameters i n  o m e r  t o  regula te  t h e  MY. The universa l  
a p p l i c a b i l i t y  of t h i s  scheme raises ser ious  doubts, l i k e  t h e  MV-independent 
regulat ion of t h e  AP l eve l .  

I n  cont ras t  t o  t h i s  scheme, we might assume t h e  a r r i v a l  of d i r e c t  o r  in
d i r e c t  information on t h e  oxygen u t i l i z a t i o n  i n  t h e  c e n t r a l  apparatus  of c i rcu
l a t o r y  regulat ion ( f o r  ins tance ,  da t a  on t h e  pOz i n  the  t i s s u e s  o r  i n  t h e  venous 
blood ). 

Such an assumption, f o r  which the re  are many subs tan t ia t ions ,  w i l l  r equi re  
a c l a r i f i c a t i o n  of t h e  nature  and mechanism of transmission of  such informatian.  
The chemoreceptors of t h e  a r t e r i a l  system, for which t h e  pOz of t h e  a r t e r i a l  
blood i s  an adequate st imulus,  i n  cont ras t  t o  t h e  regula t ion  of r e sp i r a t ion ,  
cannot ensure a regula t ion  of t h e  MV adequate f o r  t h e  oxygen demand. 

Data on t h e  exis tence of  such receptors  i n  t h e  t i s s u e s ,  o r  i n  sec t ions  of  
t he  cardiovascular system supplied with mixed venous blood, a r e  incomplete; 
research i n  t h i s  d i r e c t i o n  i s  continbing and appears q u i t e  promising. 
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VARIATION OF THE LABILITY OF THE NEUROMUSCULAR APPARATUS OF /28q
ATHLETES AFTER PERFORMANCE OF A STANDARD TASK UNDER 

CONDITIONS OF OXYGEN INSUFFICIETJCY 

A. PoShios h v i l i  

(Ath le t ic  Medicine Section, Chief: Prof.  S.P.Letunov, 


Central  Research I n s t i t u t e  f o r  Physical  Culture,  

Director :  Prof. A.V.Kombkov, Moscow) 

Many forms of muscular work, from high power t o  maximum power, a r e  per
formed by a t h l e t e s  under condi t ions of more o r  less pronounced oxygen insu f f i 
ciency. I n  t h i s  connection, s tud ie s  on t h e  f l u c t u a t i o n s  of t h e  l a b i l i t y  of t h e  
neuromuscular apparatus  (NMA) i n  performing t h e  standard t a sk  of athletes under 
condi t ions of hypoxiaareof  g rea t  i n t e r e s t .  

In  the  ava i l ab le  l i t e r a t u r e ,  we found no papers devoted t o  t h e  study of t h e  
va r i a t ion  of  func t iona l  insuff ic iency.  The following top ic s  were scheduled: 
1) study of t he  inf luence  of t h e  standard t a sk ,  performed under t h e  condi t ions 
of induced hypoxia, on t h e  va r i a t ion  of t h e  l a b i l i t y  parameters: optimum and 
maximum r a t e s ;  2 )  study of  t h e  inf luence o f  work, performed under oxygen insuf
f ic iency ,  on t h e  v a r i a t i o n  of t h e  values  and du ra t ion  of t h e  peak p o t e n t i a l  of 
t h e  b i o e l e c t r i c  response: rheobasis  and chronaxia. ~ 

We examined 60 a t h l e t e s  (nobservat ions i n  a l l )  ranging in age from 18 t o  
28. 	 All subjec ts  w e r e  b a s i c a l l y  healthy and most of  them were rather highly 
t ra ined .  

The a t h l e t e s  performed repeated work on t h e  b i cyc le  ergometer a t  a rate of  
1000 kgn/min f o r  a period of 3 min. The first t a sk  was  performed under t h e  
ordinary regime of brea th ing  atmospheric air ,  and t h r e e  o t h e r s  while inha l ing  a 
gas  mixture containing 15% oxygen and 85% nitrogen. The gas  mixture was prepared 
i n  an apparatus f o r  gas narcosis ,  s p e c i f i c a l l y  modified by u s  f o r  t h a t  purpose. 
The composition of t h e  mixture before  each t a sk  was checked. i n  t h e  Haldane /290 
chamber and the  f tSpi ro l i te t t  spirograph. The ana lys i s  of  t h e  expired air  w a s  
continuously recorded during r e s t ,  dur ing t h e  t a sk ,  and during recovery on t h e  
"Spirolite". During these  per iods,  t h e  oxygen sa tu ra t ion  of  t h e  blood was re
corded by an oxyhemograph 036-M. 

To evaluate  t h e  ac t ion  of  t h e  standard task ,  performed under condi t ions of 
oxygen insuf f ic iency ,  we  inves t iga ted  t h e  l a b i l i t y  of t h e  NMA by t h e  e l e c t r i c  
st imulus method. The most exc i t ab le  poin t  was found on t h e  r i g h t  head of t h e  
quadriceps muscle of t h e  l e f t  femur by means of a spec ia l  movable probe, af ter  
which t h e  rheobasis and chronaxia were determined. The value of t h e  st imulus 
equaled t h r e e  rheobases, and t h e  dura t ion  one chronaxia. The frequency of t h e  
e l e c t r i c a l  square pu l ses  ranged from 6 t o  200/sec. The time i n t e r v a l  between 
t h e  s e r i e s  w a s  10 - 12 sec. E l e c t r i c  s t imula t ion  was appl ied 5 min before  t h e  
beginning of t h e  t a sk  and 10 min after i t s  completion. I n  1L cases, we per
formed a cont ro l  e l e c t r i c  s t imulat ion after t h e  first t a s k  wbich had been per
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formed w’h i l e  b rea th ing  atmospheric air. 

An ana lys i s  of our  da t a  showed t h e  following: The standard muscular task  
performed by t h e  athletes under condi t ions of  hypoxia w a s  accompanied by a de
c l i n e  i n  t h e  l e v e l  of oxygen sa tu ra t ion  of  t h e  a r te r ia l  blood t o  87 - 50%. The 
i n i t i a l  l e v e l  of l a b i l i t y ,  determined from t h e  optimum and m a x i m  rhythms of 
t h e  b i o e l e c t r i c  response (both p e r  second and i n  absolu te  value over t h e  minimum 
time segment), and a l s o  from t h e  value and dura t ion  of  t h e  peak po ten t i a l  i n  t h e  
at’nletes,  was not t h e  same. I n  17 sub jec t s  (mainly swimmers and l i g h t  a t h l e t e s ) ,  
t h e  i n i t i a l  l e v e l  of l a b i l i t y  w a s  high: The optimum rhythm ranged from 80 - l4O 
pu l ses  p e r  second, with a maximum of 160 - 200 pulses.  I n  most of t h e  a t h l e t e s  
(55% of the  sub jec t s ) ,  we found a moderate l e v e l  of l a b i l i t y :  optimum rhythm /291 

*L O  - 80 pulses ,  maxln,urn 120 - 160. The subjec ts  with a low optimum rhythm and 
a high maximum,  and conversely, w e r e  assigned t o  t h i s  group. The t h i r d  group 
of a t h l e t e s  (10 s u b j e c t s )  were mostly boxers who showed a low index of NMA 
l a b i l i t y .  Their optimum rhythm was below lLO/sec, and t h e  m a x i m  below 120. 
It  should be noted t h a t ,  while t h e  subjec ts  of t h e  first two groups were highly 
t ra ined ,  t he  subjec ts  of t h e  t h i r d  group were i n  a moderate s t a t e  of t ra in ing .  

After  a task  ?erformed under condi t ions of  oxygen insuf f ic iency ,  t h e  l a b i l i 
t y  most o f t en  declined i n  t h e  boxers and less o f t e n  i n  t h e  l i g h t  a th l e t e s .  I n  
t h e  sub jec t s  of Group 1, we noted an increase  i n  t h e  peak p o t e n t i a l  of t h e  bio
e l e c t r i c  response, w h i l e  i n  t h e  subjec ts  of Group 2 it was unchanged and i n  
Group 3, declined. It must be noted t h a t  t h e  t a s k  performed w h i l e  breathing 
atmospheric a i r  was accompanied e i t h e r  by an increase  i n  t h e  parameters of t h e  

. 	optimum and maximum rhythms &d i n  the  values  of t h e  peak po ten t i a l ,  o r  by t h e i r  
constancy. 

The character  of t h e  d i r e c t i o n  o f  t h e  changes i n  t h e  durat ion of t h e  peak 
p o t e n t i a l  a f t e r  performance of t h e  t a sk  under hypoxia was as follows: I n  
Group 1, we noted a decrease i n  t h e  dura t ion  o f  t h e  peak p o t e n t i a l  t o  50% of i t s  
i n i t i a l  value. I n  con t r a s t ,  Group 3 showed a n  inc rease  of up t o  200% i n  t h e  
peak po ten t i a l .  Here again,  Group 2 occupied am intermediate  posi t ion.  The 
cont ro l  group showed constant  o r  diminished dura t ion  of t h e  b i o e l e c t r i c  response. 

The v a r i a t i o n s  i n  t h e  rheobasis  and t h e  chronaxia, a f t e r  a t a sk  performed 
under condi t ions of oxygen, a r e  s t r ik ing .  I n  t h e  sub jec t s  of Group 1, t h e  /2q2 
rheob’asis increased somewhat while t h e  chronaxia remained unchanged. I n  Group 2 
and Group 3,  t h e  rheobasis  and chronaxia var ied  i n  t h e  same d i r ec t ion :  The 
rheobasis f luc tua ted  s l i g h t l y  upward and downward, while t h e  chronaxia did not  
change or e l s e  increased s l i g h t l y .  These ind ices  w e r e  unchanged i n  t h e  control  
group a f t e r  work, while brea th ing  atmospheric air .  

Thus t h e  task  performed under hypoxic condi t ions l e a d s  t o  sharper s h i f t s  
of t h e  !dFA l a b i l i t y ,  as a funct ion of t h e  ind iv idua l  c h a r a c t e r i s t i c s  of  t h e  
subjects ,  t h e i r  degree of t r a in ing ,  and t h e i r  spec ia l  f i e l d  of a t h l e t i c s .  
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CONTRIBUTION TO THE QUESTION OF TRANSIENT PROCESSES I N  THE FIRST /293
STAGE OF THE OXYGE5I REGDG3 CONTROL SYSTEM OF THE ORGANISM 

Ye.A.Shkabara, Candidate i n  Technical Sciences 

( I n s t i t u t e  of Physiology, UkrSSR Acadeqy of Sciences,  Kiev) 


Studies  of  t h e  oxygen regime cont ro l  system of t h e  organism, conducted a t  
t he  I n s t i t u t e  of  Physiology, UkrSSR Academy of Sciences,  by N.V.Lauer, A.Z. 
Kolchinskaya, and the  present  author,  requi re  t h e  consideration and mathematical 
desc r ip t ion  of t h e  t r a n s i e n t  processes  i n  each link of t h i s  s y s t e m .  

The f i r s t  link of t h e  con t ro l  system of t h e  oxygen regime of t h e  organism 
i s  t h e  lung reservoi r .  The input  of t h i s  un i t  i s  fed with ex te rna l  a i r  whose 
oxygen i s  determined by two main parameters: p a r t i a l  pressure m02  and volume 
of a i r  en te r ing  t h e  lung p e r  minute. 

,The output of t h e  u n i t  discharges a lveo la r  a i r ,  with t h e  parameters pro2 
and VAO,. 

The mathematical dependence of output on t h e  input  of t h i s  l i n k ,  f o r  sta
t ionary  regimes, was first calculated by 1.M.Sechenov i n  1880, who ca l led  it 
the  *Taw of  s t a t iona ry  composition of t h e  a lveo la r  air'?. H e  derived an expres
s ion f o r  t h e  volume of o v g e n  i n  t h e  a lveo la r  air ,  after a steady state i s  
reached quietly+'. Without making use of a l l  t h e  considerat ions by Sechenov, we 
w i l l  de r ive  t h i s  e q r e s s i o n  in a somewhat d i f f e r e n t  manner. During one resp i ra 
to ry  cycle,  a volume of  a i r  V A I  with a percentage o g g e n  content of FI02,enters  
t he  a lveo la r  space from t h e  external air ,  a volume of a i r  V,, with an oxygen /29L 

content F A O p  i s  eliminated, and a volume of oxygen ~7t o 2  i s  u t i l i z e d  by t h e  . 
organism, where V , 0 2  i s  t h e  oxygen consumption pe r  minute and f i s  t h e  resp i ra 
to ry  r a t e .  

Fig, 1 

The equation of equi l ibr ium has t h e  form 

-x.- 1.M.Sechenov: "Oxygen Tension i n  t h e  Pulmonary A i r  under Various Conditions" 
(0 napryazhenii k i s loroda  v legochnom vozdukhe p r i  raznykh usloviyakh). "Vrach", 
No.L3, 1880. 
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A t  t h e  end of t h e  expi ra t ion ,  t h e  volume o f  oxygen i n  t h e  a lveo la r  a i r  will 
be VRFAOZ,  where V, i s  t h e  volume-of a lveo la r  air  a f t e r  q u i e t  exhalation. M u l t i 
plying and d iv id ing  t h e  second term of t h e  equation by VR and solving it f o r  
VRFA02, we ob ta in  t h e  expression f o r  t h e  volume of oxygen i n  t h e  a lveo la r  a i r  a t  
t h e  end of one expi ra t ion ,  i n  t h e  form obtained by 1.M.Sechenov: 

Equation ( 2 )  i s  t h e  equation of s t a t i c s  of t h e  l i n k  under consideration. 
The s t a t i c  c h a r a c t e r i s t i c  o f  t he  dependence o f  t h e  oxygen content of t h e  a lveo la r  
a i r  on t h e  oxygen content of t h e  atmospheric a i r  can be  descr ibed by t h e  equa
t i o n  of a s t r a i g h t  l i n e :  

where -- K i s  t h e  s t a t i c  amplif icat ion f a c t o r  of t h e  l i n k  (Fig.2).  /295
VAE 

Sechenov termed t h e  quan t i ty  VRFAO, the  s t a t iona ry  volume of oxygen i n  t h e  
a lveolar  a i r  and showed t h a t ,  af ter  a change i n  t h e  condi t ions o f  r e sp i r a t ion ,  
it would reach a new steady s t a t e  within 3 - I ,  min, whose value would approach, 
a t  t h e  l i m i t ,  t h e  sum of t h e  terms of a convergent geometrical progression. The 

r a t i o  of t h e  progression, q = vR < 1, and i t s  product equals  t he  r igh t 
v A E  + 

hand s ide  of eq.(2). It w a s  not Sechenovts ob jec t  t o  study t h e  character  of t h e  
t r ans i en t  process, 

Pursuing h i s  reasoning fu r the r ,  l e t  u s  trj t o  f ind t h e  time va r i a t ion  of  
t he  O2 content of  t h e  a lveo la r  a i r ,  on t r a n s i t i o n  from t h e  old steady s t a t e  
VR FAOL t o  t h e  new steady s t a t e  V, FAOA’, due t o  a decrease i n  t h e  oxygen content 
of t h e  insp i red  a i r  from t h e  value FIO: t o  t h e  value FIG$’ where F,O$ < FIO:. 

The equation derived by Sechenov t o  descr ibe  t h i s  t r a n s i t i o n  cons i s t s  of 
two terms: t h e  product of t h e  terms o f  t h e  geometrical  progression p lus  the  o l d  
steady s t a t e  VRFAOiJ.m i l t i p l i e d  by t h e  r a t i o  of t h e  progression q t o  t h e  n t h  
power, where n i s  t h e  number of  r e sp i r a to ry  cycles:  

V,FAO, =fq-(i-$’’) + VPF*O:.Oj . 
GtO2 \ VR andwhere the  f i r s t  term of  t h e  progression a1 = (VAI FIOZ - f-) v A F  4

t h e  r a t i o  of t h e  progression q = 
VR . However, a1 i s  the  l i m i t  t o  

vAr + ’R 1 - ( 2  
which t h e  product of t h e  progression approaches as n increases ,  and equals  t h e  
new value V, FAO?. 

Thus, 
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o r  

while 

It w i l l  be c l e a r  from eq.(3) t h a t  t h e  decrease i n  t h e  oxygen content of t h e  
a lveo la r  a i r ,  when t h e  oxygen i n  t h e  insp i red  a i r  decreases,  i s  described by an 
exponential  function. A t  t h e  beginning of t h e  t r a n s i e n t  process,  a t  n = 0, t h e  
content of oxygen F A O , ( V R F A O z )  equals  i t s  i n i t i a l  value F A O b ( V R F A O L ) ;  a t  t h e  
end of t h e  process ( t h e o r e t i c a l l y  a t  n = a, bu t  p r a c t i c a l l y  a t  n = 25 - 30) ,  it 
will become equal t o  F,O;(V,F,O$). The r a t e  of t h e  process i s  determined by 

the  r a t i o  	- . The s m a l l e r  t h e  r a t i o  of t h e  volume of t h e  a lveo la r  a i r  
'A F 4- vR 

VR t o  t h e  volume of t h e  expired a i r  V A F ,  t he  more rapid w i l l  be t h e  t r a n s i e n t  
process of es tab l i sh ing  a new s t a t iona ry  state of t h e  oxygen parameters i n  t h e  
a lveo la r  a i r .  

The equation of t h e  t r a n s i e n t  process may be more simply derived by using 
the  ordinary method of d i f f e r e n t i a l  equations. Let us  wr i te ,  on t h e  b a s i s  of 
eq. (1>, 

J V A , F , ~ - V . , F , O ~ - ~ )dn  = d(VR FAOL ( L )  

i .e . ,  t he  increment of t h e  s t a t iona ry  volume of oxygen i n  t h e  a lveo la r  a i r  
d(VRFAC2) during t h e  p a r t  dn of t h e  r e sp i r a to ry  cycle  equals t he  d i f f e rence  be
tween t h e  oxygen del ivered and t h e  sum of  t h e  oxygen eliminated with the  expired 
a i r  and the  oxygen consumed, during the  same p a r t  of  t h e  cycle. After t rans
formations, eq. ( L )  t akes  t h e  following form: 

vRwhere t h e  quan t i ty  -w i l l  be t h e  time constant T of t h e  l i n k .  Solving t h i s  
VA F 

equation for V R F A 0 2  and determining t h e  in t eg ra t ion  constant from t h e  i n i t i a l  
conditions,  we have t h e  following expressions: /297 

and 

It i s  c l e a r  from these  expressions t h a t ,  dur ing t h e  time of t h e  t r a n s i e n t  
process,  t he  change i n  oxygen content of t h e  a lveo la r  a i r  proceeds by an expo-

VRn e n t i a l  law with t h e  time constant  T = -determining t h e  r a t e  of es tab l i sh-
VA c 
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ment of t h e  new steady s t a t e ,  The number of  r e s p i r a t o r y  cycles ,  a t  t h e  end of 
which t h e  system w i l l  pass  t o  a new steady state, i s  n, = 3T. To express t h e  
time constant T i n  minutes, it must be divided by t h e  number of r e sp i r a to ry  
cycles  p e r  minute f :  

0 

s ince  V A , f  = VA i s  t h e  a lveo la r  ven t i l a t ion .  Thus, t h e  time constant T(:) and 
the  time of  establishment of t h e  process t, = 3T(.) are d i r e c t l y  proport ional  t o  
the volume of t h e  a lveo la r  a i r  and inverse ly  proport ional  t o  t h e  a lveo la r  vent i 
l a t ion .  

Equations ( 3 )  and ( 5 )  show g rea t  s i m i l a r i t y  i n  t h e  mathematical desc r ip t ion  
of  t h e  t r a n s i e n t  process  i n  t h e  first l i n k  of t h e  oxygen-transport system, de
s p i t e  t h e  d i f f e r e n t  approaches t o  t h e i r  der iva t ion .  Subs t i t u t ing  t h e  numerical 
values,  we ob ta in  p r a c t i c a l l y  t h e  same time of establishment of t h e  steady s t a t e ,  
no matter  which of t h e  two expressions i s  used f o r  t h e  ca lcu la t ion .  

Figure 3 shows curves of t h e  t r a n s i e n t  processes  ca lcu la ted  from eqs.(3) 
and (5).  Nowhere i s  t h e  d i f fe rence  between t h e  values  of t h e  function FA02 
g rea t e r  than 5%. 

The t r a n s f e r  funct ion of  this l i n k ,  on t h e  b a s i s  of eq.(5),  w i l l  be /2q8 

where p i s  the  Laplace d i f f e r e n t i a l  operator ;  K i s  t h e  ampl i f ica t ion  f a c t o r  of 
t h e  u n i t ,  and Y(p) and X(p) are t h e  Laplace transformations f o r  t h e  output and 
input  functions.  

It i s  c l e a r  from eqs.(5)  and (7)  t h a t ,  i n  t h i s  considerat ion,  t h e  f i r s t  
l i n k  o f  t h e  oxggen-transport system i s  an i n e r t i a l  ( ape r iod ic )  member of f i rs t  

VR VA Iorder ,  with t h e  time constant  T = -and t h e  ampl i f ica t ion  f a c t o r  K = -> 
'A F I T A  r: 

> 1. A l l  preceding de r iva t ions  were  based on t h e  assumption t h a t  t h e  q u a n t i t i e s  
VR J VAr , and V,, remained constant throughout t h e  course of t h e  t r a n s i e n t  pro
cess. Actually, t h i s  i s  not  SO. The oxygen regime regula tory  system, on var ia
t i o n  i n  t h e  condi t ions of r e sp i r a t ion ,  t ends  t o  maintain t h e  compositioz of t h e  
a lveo la r  a i r  constant by ac t ing  on t h e  r e sp i r a to ry  center  and by varying t h e  
a lveo la r  v e n t i l a t i o n  as w e l l  as t h e  frequency and depth of  resp i ra t ion .  

Since a l l  preceding de r iva t ions  have been based on a s ing le  r e sp i r a to ry  
cycle,  t h e  va r i a t ion  i n  r e sp i r a to ry  r a t e  will have no e f f e c t  on t h e i r  accuracy. 
However, t h e  va r i a t ion  i n  t h e  volumes VR , VA, , and V,, under t h e  ac t ion  of t h e  
cont ro l  inf luences will transform t h e  l i n e a r  d i f f e r e n t i a l  equation ( 5 )  i n t o  an 
equation t h a t  i s  s u b s t a n t i a l l y  nonlinear.  

The time constant T' and t h e  ampl i f ica t ion  f a c t o r  K' of t h e  u n i t  w i l l  be 
var iab le ,  depending on t h e  changes i n  t h e  oxygen content of  t h e  a lveo la r  air:  
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METHOD OF EVALUATING THE F"CTI0N OF EXTERNAL RESPIRATICVJ /299
OF MAN IN FLIGHT 

K .K.Shcherbakov 
Moscow 

The methods and technica l  means used today f o r  invest i .5at ing t h e  function 
of t h e  ex terna l  r e s p i r a t i o n  of man i n  f l i g h t  only penni t  recording of t h e  re
sp i r a to ry  r a t e  and t h e  r e l a t i v e  depth of r e sp i r a t ion .  

More prec ise  s tud ie s  based on the  use of know, methods of measurement and 
recording of t h e  ex te rna l  r e sp i r a t ion  ind ices  a r e  not appl icable  t o  t h e  condi
t i o n s  of f l i g h t ,  owing t o  t h e  bulk,  weight, and power consumption of t h e  physio
l o g i c a l  apparatus needed. 

The method of evaluat ing t h e  funct ion of ex terna l  r e s p i r a t i o n  of  man ac
cording t o  t he  velocity-volume diagram, which we have s tudied with reference t o  
f l i g h t  conditions,  y i e l d s  t h e  following group of  pneumotachometric ind ices :  
v i t a l  capacity,  cur ren t  r e sp i r a to ry  volumes, complementary and supplementary 
a i r ,  m a x i m u m  and reserve r a t e s  of i n s p i r a t i o n  and expi ra t ion ,  r e sp i r a to ry  f re 
quency, pulmonary v e n t i l a t i o n ,  e tc .  

We have developed and b u i l t  a working model of an instrument f o r  i nves t i 
gat ing t h e  function of t h e  ex te rna l  r e s p i r a t i o n  by t h i s  method, whose weight and 
s i z e  permit i t s  inc lus ion  i n  a i rborne equipment. 

Under experimental l abora tory  condi t ions,  t h e  velocity-volume diagrams a re  
recorded by photographing t h e  screer! of an e l ec t ron ic  osci l lograph.  The appa
r a t u s  a l so  permits recording t h e  curves f o r  va r i a t ion  i n  volume and ve loc i ty  /300 
of the  inspired and expired a i r ,  from t h e  readings of ink-writing or loop re
corders. 

I n  f l i g h t  o r  stand tests, t h e  preliminary recording of t h e  i n i t i a l  da t a  on 
a miniature magnetic recorder  i s  followed by i t s  work-up under labora toyr  condi
t i ons ,  

This method has been approved under labora tory  and spec ia l  conditions. 
Data of  t he  ex te rna l  r e s p i r a t i o n  of man i n  the  state o f  rest, under physical  
stress, and during inha la t ion  of  hypoxic mixtures have been obtained and pro
cessed. 

The widespread in t roduct ion  of t h i s  method of inves t iga t ing  the  funct ion 
of ex terna l  r e sp i r a t ion  i s  somewhat l imi ted  by t h e  necess i ty  of manual work-up 
of t h e  pneumotachograms, involving r a t h e r  ted ious  and monotonous mental work, 
performed according t o  d e f i n i t e  rules .  The results of i n t e r p r e t a t i o n  of t he  
readings can be analyzed only a f t e r  completing t h e  recording, which does not  
always meet t h e  experimental requirements. 

To obta in  t h e  numerical values  of t h e  pneumotachometric ind ices  during 
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a c t u a l  co l lec t ion  of  the  experimental da ta ,  we developed a method of automatic 
processing of  these funct ions of  t h e  ex terna l  r e s p i r a t i o n  of man, allowing t h e  
inves t iga tor  t o  make an operat ive evaluation of  t h e  condition of the  resp i ra tory  
mechanism and t o  follow i t s  var ia t ions.  
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REDOX REACTIONS WITH PARTICIPATIOlJ OF EXOGENOUS 
CYTOCHROME C AND QUESTIOIIS OF OXYGDJ MC!IXI*:GE 

L. 0. Eynor 
( I n s t i t u t e  o f  Botany, UkrSSR Academy o f  Sciences,  Kiev) 

The mechanism o f  e l ec t ron  t r a n s f e r  from t h e  s u b s t r a t e  of r e s p i r a t i o n  t o  
molecular o q g e n  i s  r a t h e r  w e l l  known today. Cytochrome oxidase, which performs 
a terminal function, p l ays  t h e  most important p a r t  in e f f e c t i n g  the  mechanism of 
r e sp i r a t ion  o f  animal tissues. 

I n  contrast  t o  animal tissues, t he  mechanism o f  b io log ica l  oxidation i n  
p l a n t s  i s  more complex. The c a p a b i l i t y  of p l a n t s  t o  accomplish photosynthesis 
and t o  f i x ,  i n  t h e  chloroplasts ,  t h e  energy o f  t h e  macroergic bonds of A T P ,  by 
means of t h e  r eac t ion  o f  photosynthetic phosphorylation d i f f e r s  markedly from 
oxidat ive phosphorylation, which l ikewise proceeds i n  p l a n t s ,  and m a k e s  a pro-

'found impression on a l l  a spec t s  of t h e  processes o f  t he  oxygen exchange mecha
nism. The major d i f f e rence  between p l a n t s  and animals i n  t h i s  respect  i s  t h e  
l a r g e  number of r o u t e s  of  oxidat ion of subs t r a t e s  and t h e  exis tence of terminal 
oxidases t h a t  do no t  occur i n  animal t i s s u e s ;  however, as  i n  t h e  case of  mimals, 
cytochrome oxidase has been t h e  only substance for which it can be shown a t  
present  t h a t  it can accomplish phosphorylation involving e l ec t ron  t r m s f e r  i n  
p lan ts .  

We studied t h e  redox transformations of cytochrome C i n  var ious r eac t ions ,  
r e l a t i n g  both t o  t h e  mechanism of  r e s p i r a t i o n  and t o  photosynthesis. ?le used 
c.y%ochrome C of animal o r i g i n ,  c lose ly  resembling t h e  na t ive  cytochrome of  
plants.  W e  showed t h a t ,  on i l luminat ion of chloroplasts ,  reduction of  cyto
chrome C t akes  place,  with inverse oxidation a f t e r  t h e  l i g h t  i s  cu t  o f f ,  and /3c2
t h a t  t h e  cycle can b e  repeated many times. The photoreduction of  cytochrome 
probably proceeds according t o  t h e  type of H i l l  reaction. Dark oxidation of 
crytochrome C introduced from outs ide i s  accomplished i n  t h e  chloroplasts  by a 
cytochrome oxidase with p r o p e r t i e s  d i f f e r e n t  from those of  t h e  cytochrome oxidase 
of animal t i s s u e s  and t h e  cyvtochrome oxidase of p l a n t  mitochondria. I n  t h e  
chloroplast  of t h e  pea, we found a pecu l i a r  cytochrome oxidase, which m m i f e s t s  
Its a c t i v i t y  a f t e r  i n h i b i t i o n  o f  t h e  o rd inap j  cytochrome oxidase by cyanide, and 
only when il luminated, 

A comparative study of t h e  s e t  of cytochromes i n  var ious orgaEoids of  p l a n t s  
and animals, and a comparison o f  t h e i r  functions,  w i l l  help t o  increase ou r  
knowledge of t h e  mechanism of  b i o l o g i c a l  oxidation. 
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SOElIE ELECTRODE PAIRS FOR OXYGEII MEASUREMENT I N  LIVING TISSUES /303
(Abstract  of  Paper) 

I .K.Epshteyn, I.P.Berezin, and B.N.Fbstovtsev 
(P.A.Gertsen I n s t i t u t e  of Oncology and I n s t i t u t e  of  
Experimental Su rg ica l  Apparatus and Instruments, 

Moscow) 

The rapid adoption of t h e  polarographic method o f  measuring oqygen i n  tis
sues i n  experimental and c l i n i c a l  p r a c t i c e  has aroused i n t e r e s t  i n  oxygen 
sensors (e lectrodes) ,  ar.d i n  p a r t i c u l a r  i n  t h e  materials f o r  t h e i r  manufacture. 

Platinum, gold and copper amalgam are used as materials f o r  polar ized 
electrodes.  Unpolarized e l ec t rodes  i n  c i r c u i t s  with a n  external  emf may be of  
calomel o r  s i l v e r  chloride; t h e  materials f o r  unpolarized e l ec t rodes  i n  bat tery-
l e s s  c i r c u i t s  may be i r o n  o r  cadmium. 

'de made a comparative study of these e l ec t rode  p a i r s ,  i n  which t h e  polarized 
e l ec t rodes  w e r e  i n  t h e  form of  open microelectrodes. W e  studied t h e  behavior 
of t he  p o t e n t i a l s  of t h e  reference electrodes i n  var ious m e d i a  and compared t h e  
d i f fus ion  current  d e n s i t i e s  i n  ph;ysiological salt so lu t ion  and blood serum. 

Eased on our study we conclude t h a t  t h e s e  electrode p a i r s  are, i n  p r inc ip l e ,  
electrochemically iden t i ca l .  However, i n  t h e  p r a c t i c a l  use of such electrode 
p a i r s ,  c e r t a i n  pecu l i a r  f e a t u r e s  o f  each o f  t h e s e  p a i r s  must be taken i n t o  ac
count. For example, i n  select i r ,g  t h e  electrode material, one must t a k e  account 
of t h e  t ine of intended use o f  t h e  electrodes i n  t h e  experiment, t h e  presence / 3 G L  
of  hiyh p02 ( f o r  example, i n  t h e  a l t i t u d e  chamber), t h e  tendency t o  "poisoning" 
o f  polar ized e l e c t r o d e s , e t c .  It has been found t h a t  a copper amalgam electrode 
i s  unsui table  f o r  prolonged inser t ior?  i n  t i s s u e ;  i n  t h e  presence of l a r g e  
moun t s  o f  orqar?ic su r fac t an t s  i n  t h e  t i s s u e ,  platinum i s  poisoned more s t rongly 
than o the r  e lectrodes;  t h e  se l f -po ten t i a l  of t h e  i r o n  electrode i s  s e n s i t i v e  t o  
o q g e n  pressure;  t h e  e lectrode p o t e n t i a l  o f  s i l v e r  chlor ide e l ec t rodes  i s  un
s t a b l e  i f  ca re l e s s ly  handled; t h e  calomel e lectrode i s  awkward and complicated 
t o  use i n  measurements on animals, e tc .  

The choice of  ar? electrode p a i r  f o r  t i s s u e  oxygen measurement m u s t  there
f o r e  be made dependent on t h e  experimental conditions. 
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OXYGETJ SATUFLATION OF THE BLOOD AS A FACTOR IN FEGULATION 
OF THE PROCESS OF BIOSYNTHESIS AND UTILIUTION OF THE 

PROTEIN COMPONEXTS OF THE BLOOD 

A. A. Nark0syan 
[ I n s t i t u t e  of Age-Group Physiology and Physical  Fducation 

of t h e  AF" (Academy of Pedagogical Sciences),  Moscow] 

Biosynthesis of t h e  p r o t e i n  components o f  blood coagulation proceeds pri
marily i n  t h e  l i v e r  parenchyma and i n  t h e  r e t i cu loendo the l i a l  system. I n  t h e  
l i v e r  parenchyma, t h e  following are synthesized: accelerator-globulin ( f a c t o r  V )  
which belongs t o  t h e  globul in  group; proconvertin ( f a c t o r  V I I ) ,  which i s  found 
i n  the  P -globulin f r a c t i o n ;  prothrombin+/, -globulin and fibrinogen, which are 
a l s o  globulins b u t  which occupy t h e i r  own spec i f i c  zone on t h e  electrophoregram. 
I n  the  r e t i cu loendo the l i a l  system, t h e  biosynthesis  o f  antihemophilic globulin 
( f ac to r  V I I I )  t a k e s  place,  which belongs t o  t h e  globul ins  and moves with t h e  

CY- and P-globulins i n  e lectrophoresis ,  

Muscular a c t i v i t y ,  as i s  w e l l  lmown, i s  accompanied by hypoxemia. Wher! t h e  
oxygen l e v e l  o f  t h e  blood drops by  9 - l(%, t h e  p ro te in  concentration undergoes 
a number of changes. The concentration o f  t h e  p r o t e i n  components of  t h e  blood, 
synthesized i n  t h e  l i v e r  parenchyma, i s  s u b s t a n t i a l l y  decreased and drops by
1 5  - Z5>$ within 3 h r s  af ter  t h e  exercise ,  except for t'ne fibrinogen whose l e v e l  
does decl ine a f te r  work b u t  r e t u r n s  t o  i t s  i n i t i a l  value within 90 min. It  i s  
possible  t h a t ,  under t h e  conditions o f  muscular a c t i v i t y ,  t h e r e  i s  no t  only 
a suppression o f  biosynthesis  i n  t h e  l i v e r  parerichpa b u t  a l s o  an i n t e n s i f i e d
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protein u t i l i z a t i o n .  

t h e  a l t i t u d e  chamber t o  L O O 0  in induced a decrease i n  t h e  concentration o f  pro-


However, simulated ascent  o f  sub jec t s  o f  var ious ages i E  

thrombin, f ibrinogen, and proconvertin, i nd ica t ing  t h e  dominant r o l e  of blood 
oxygenation in t h e s e  changes. An e n t i r e l y  d i f f e r e n t  p i c t u r e  i s  observed i n  t h e  
a c t i v i t y  of  t h e  c e l l s  of t h e  r e t i cu loendo the l i a l  system, The concentration of 
antihemophilic globul in  inc reases  vrith a dec l ine  i n  t h e  oxygen blood level ,  t h e  
increase being d i r e c t l y  proport ional  t o  t h e  ex ten t  o f  t h a t  decline.  

The exceptional sens i t iv i ty  of these  c e l l s  t o  a deplet ion i n  blood oxygen 
has been demonstrated in experiments i n  which, during oxygen inhalat ion,  t h e  
oxygenation of  t h e  blood decreased by not  more than 2% Under these  conditions,  
t h e  c e l l s  of  t h e  l iver  parenchyma d id  no t  r e a c t  by decreasing t h e  processes of 
biosynthesis,  whereas t h e  syn thes i s  of t h e  antihemophilic globulin i n  t h e  Kupffer 
c e l l s  increased, 

EXperiments on r a b b i t s  a t  7500 m i n  t h e  a l t i t u d e  chamber or i n  t h e  hypoxic 
chamber a t  7% oxygen content showed an  analogous p i c tu re ,  

Of i n t e r e s t  here are cases  of afibrinogenemia, i.e., t h e  complete disappear
ance of blood f ibr inogen following a s t ay  i n  t h e  hypoxic chamber. It i s  possible  
t h a t  oxygen insu f f i c i ency  i n  t h e  blood of t h e  p a r t u r i e n t s  may play an important 
r o l e  i n  the  occurrence of hemophilia i n  families as a result  of afibrinogenemia. 

NASA-Langley, 1966 F-420 
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